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Measure frequency responses from 10Hz to 4MHz
Frequency axis displayed logarithmically or linearly
Measure amplitude responses

Gain or loss displayed in dBs

Measure phase responses

Phase display ranges of 0° to 180° or + 180°
Measure complex impedance responses

Display impedance in Ohms or admittance in Siemens
Calculate time delays

Produce professional graphs with 10 plots per graph
Interactive powerful graphing program

Save graphs as data files and jpg, bmp and meta files
Copy and paste plots from one graph to another
Easy to use PC interface

Reliable performance

Small, light weight, portable, USB powered device
Affordable
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Preface written by Tim Orr

I have been designing electronic filters for about 35 years. These have been active and passive devices.
Since the arrival of personal computers and design software, it has been possible to design and simulate a
wide variety of filters. Of course, in the real world, you cannot purchase the precise component values that
this software generates. Also, real components are far from perfect. Capacitors and inductors have parasitic
elements and natural resonances; op amps have bandwidth, slew rate and phase shift problems and printed
circuit board tracks seem to do their very best to defeat your designs. Even if you can over come all these
hurdles, a design still has to be built and tested. This is also a problem because there isn't much equipment
out there that will test filters and networks at a price that the average engineer can justify spending.

Recently, the frequency response analyser that I purchased 15 years ago, became unusable because its
consumables have been discontinued. I needed to obtain a new piece of test equipment just to satisfy my
own needs! I had designed many frequency response analysers over the last 30 years, and so we set out to
produce another unit based on what was the best current technology. The plan was to make a USB
peripheral device that would employ all the power of the PC to produce, store and print graphs. After 2
years of design work (mission creep) the C60 was produced. One result of deviation from the original design
brief was that the unit not only measures Amplitude and Phase frequency responses, but it also measures
Impedance responses. This reveals the often bizarre behaviour of electronic and electro-acoustic devices. I
wish that I had owned one of these machines 10 years ago when we were designing ceramic PZT
transducers. Many mysteries would have been easily observed, rather than just guessed. Any way, that'’s
life.

Adam Fullerton Rene Fullerton Tim Orr
Software & Firmware Logistics Electronics
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Legal Disclaimer, Warnings and Restrictions

The C60 has a low impedance output and a very sensitive input. Passive electronic circuits inside the unit
provide a level of protection to these ports, even when the unit is powered down. Do not exceed the voltage
and current restrictions applied to the input and output connectors, as specified in this manual. These are
not operating conditions, they are dangerous limits. Applying excessive voltages and currents will cause
dangerous power dissipation inside the C60 which can result in unexpected operational behaviour and/or
permanent damage.

WARNING:- Do not connect high voltages to any connector or other part of the C60. These
voltages will damage the C60 and other equipment to which it is electrically connected, such as
the computer. Also, these high voltages are dangerous and represent a risk to health.

Customers are responsible for their testing scenarios and interpretations of test results. Persons using the
product must have a scientific or engineering training, be familiar with the use of personal computers and
must observe good laboratory test methods and standards. Cypher Instruments assumes no liability for
customers test results and interpretations. The customer assumes all responsibility and liability for the
proper use of the equipment and software.

Cypher Instruments assumes no responsibility software performance, or infringement of patents or services.
The customer indemnifies Cypher Instruments from all claims arising from the use of the product.

Reproduction of the C60 user manual and any other information from ‘Cypher Instruments Ltd’ is freely
permitted only if the reproduction is done without any alterations and is accompanied by all associated
notices, legal disclaimers, warnings, warranties and restrictions. Cypher Instruments Ltd is not liable or
responsible for any such modified documentation.

Resale of Cypher Instruments products and services with statements different from the those stated by
Cypher Instruments for that product or service, voids all warranties for the associated product or service. As
such, Cypher Instruments is not liable for any such statements.

Cypher Instruments reserve the right to make corrections, enhancements and other changes to its products
and services at any time also to discontinue any product and service without notice. Customers should
obtain the latest information, software and embedded code from the web site.

Cypher Instruments does not warrant the completeness or the accuracy of the text, information, graphics
graphs, equations, diagrams or other material contained within the product manual.

The product is designed to operate in a laboratory at normal room temperatures. Operation at extreme
temperatures may result in unexpected behaviour. The unit has no harsh environmental ratings and will be
damaged by the ingress of moisture and/or corrosive chemicals. It has an IP30 rating:- prevention of small
objects bigger than 2.5mm from entering and no protection against the ingress of liquids.
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Product Description

The C60 investigates the opaque world of analogue networks. The unit operates in two test modes. It can
measure the frequency response of a two port system producing a gain/loss & phase graph. It can also
measure the reactive response of a two terminal network producing an impedance/admittance & phase
graph. Electronic, electrical, electro acoustic and other networks can be tested with swept sine waves and
the results displayed on a PC. The C60 is USB powered; it needs no batteries or external power supplies.
The unit has a USB-B connector at the rear, an input and output BNC connector and a USB Link activity LED.
All the functionality of the device is controlled by the PC.

Input
1M Ohm

Cypher Instruments <
o0

Impedance-Ariplitude-Phase Analyser

DDS Sine wave generator/output

Frequency range of sine wave generator = 10Hz to 4MHz

DDS sine wave generator

Sine wave quality = 62dB SNAD (nominal)

Output voltage = 2Vpp maximum

Output attenuator, 0dB to -20.0dB in 2.5dB steps

DC offset at output = 0.9mV typical

Output impedance = 50 Ohms plus parasitic reactance of 23nH and 33pF (Impedance mode)
Frequency accuracy at 1MHz it is £100ppm

BNC output connector

*¥xxk* Destructive/Absolute Maximum Limits Applied to Output BNC*****

Absolute maximum current applied to output = 0.2Arms
Absolute maximum voltage applied to output = 9VDC or 22VppAC

Input impedance = 1M ohm in parallel with 14.5pF

AC coupled input (0.15Hz high pass coupled)

Maximum signal input = 3.5Vpp maximum before compression (+5dB on graph)
Minimum input signal = 100uVpp (-86dB) with Rsource = 50R

Noise floor = -86dB at 1MHz/input S/C; -73dB at 1MHz/input O/C

BNC input connector

Absolute maximum voltage applied to input = 50VDC or 50VppAC (destructive limits)
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Other hardware features

USB connection for data and power USB 2.0 full speed (12Mbps)

Mode led indicating Power and USB activity

Current consumption = 100mA to 220mA depending on activity

Power consumption = 0.5Watt to 1.1Watt depending on activity

Enclosure Ingress Protection rating = IP30

Size = 148mm x 132mm x 43mm — box size including feet and BNC connectors
Weight = 420 grams - box weight, not including the USB cable

Other details

Operating system requirements: Microsoft Windows 98SE, ME, 2000, XP pro with internet explorer 4 or
higher

Minimum PC requirements: Pentium II 333MHz, 64Mbytes of RAM, 50Mbytes of free hard disk space, mouse,
keyboard, USB, graphics card and monitor capable of 1024x768 resolution.

Advanced graphing program used to display test results

Maximum number of test points = 1000 per plot, 2 parameters per plot

Multiple plots; 10 plots per graph

User text fields

Logarithmic and linear frequency sweep and stationary frequency

Logarithmic and linear frequency axis

User controllable test settling time

User selectable range of frequency points

Logarithmic (dB) Gain/Loss amplitude display

Amplitude display range = +5dB to —-86dB (0.025dB best resolution)

Amplitude detector straight line deviation = £0.35dB

Phase accuracy = see graphs Phase accuracy

Phase range = +£1800° and 0° to -180°

|Z| The modulus of the impedance of the test device (DUT)

Impedance accuracy = from £0.5% to +4.5% deviation from actual value (see graphs)

Impedance displayed in Ohms or Admittance in Siemens, on a linear/logarithmic axis

Impedance display range of 0.01 Ohms to ‘1M Ohm’ (450K Ohm maximum reading)

Auto ranging or fixed Impedance and Gain axes

Save/Recall as GAD and GZD files

Save graphs as JPEG images, BMP images, Meta files and data files

Use graphs in documents and emails

Graphing Controls; START, STOP, REPEAT, ZOOM, UNDO ZOOM, FULL SCREEN, USER TEXT FIELDS,
FREQUENCY LIMITS, SWEEP BACKWARDS, ALTERNATE SWEEP, SWEEP TO ZOOM EXTENTS, PEN
COLOURS, PEN LOCK, GRAPH SELECTION, COLOUR/BLACK/BLACK PLUS MARKERS, COPY, CUT, PASTE,
MASKS, SCRIPT CONTROL

Calibration option to remove internal amplitude deviations and phase trims

Multiple document operation

Scripting control of the unit

Applications

Measuring the frequency response (amplitude and phase) of systems
Impedance measurement of two terminal networks (including phase)
Design and production testing of electro acoustic transducers
Bio-chemical impedance measurements

Filter design and testing

Battery impedance testing

Cross talk and CMRR measurements
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Installing the Software

If the software has previously been installed from the web site, there is no requirement to install the
software from the CD. Check the web site for the latest versions of the PC application and embedded code.
See the section Software and Firmware Web Updates for details.

Installing the Software from the CD

Warning: do not connect the C60 hardware to the PC with the USB cable before
the software has been installed.

Minimum requirements

o Operating system requirements: Microsoft Windows 98, 98SE, ME, 2000, XP professional with
internet explorer 4 or higher
o Minimum PC requirements: Pentium 2 333MHz, 64Mbytes of RAM, 50Mbytes of free hard disk space,
mouse, keyboard, USB, graphics card and monitor capable of 1024x768 resolution or better.
Installing the software

o Quit all open applications.

o If your computer has auto run enabled, then the software will automatically install. Insert the CD
into the drive and the installation will begin. Skip the next instruction.

o If your computer has auto run disabled, then insert the CD into the drive and wait for the operating
system to read the disk. Hold the Windows key down and press the R key to open the run dialog
box. Type in the following- “#:\setup (enter)”, where # indicates the CD drive reference letter.

o The dialog box - ‘Welcome to the CyperGraph Setup Wizard’ will appear. Click the *Next>" button.
o The 'License Agreement’ box follows. Read it and if it is satisfactory, click ‘I Agree’.

o If you already have CypherGraph installed on your PC, then you are prompted to uninstall the
existing version (recommended).

o If this is a fresh installation, the ‘Choose Install Location’ box will appear. The usual location for the
software is C:\Program Files\CypherGraph\. Click ‘Install’.

o The ‘Installing’” box will briefly appear, followed by the ‘Completing the CypherGraph Setup Wizard’
box. Click the ‘Finish’ button.

o The CyperGraph application will now open. There is no other action needed, other than to remove
the CD.

o Keep the CD in a safe place, for future use by you or your colleagues.

o The C60 can now be connected to the PC via the USB lead. This will be the first time that the C60, a
USB device, has been registered with the computer. What happens next will depend on which
version of Windows is running.

o Windows 98 and ME will automatically install the device driver without action on your part.

o Windows 2000 will open the ‘Found New Hardware Wizard'. Click ‘Next>". On the next dialog box
select ‘Search for a suitable driver for my device (recommended)’, which will complete the
installation.

o Windows XP will open the ‘Found New Hardware Wizard’. Check the radio dial labeled ‘No, not this
time’ and then click ‘Next>’. On the next dialog box check the radio dial labeled ‘Install the software
automatically (Recommended)’ and click *Next.” On the third dialog box click ‘Finish’ to complete the
driver installation.

o Check the web site for the latest versions of the PC application and embedded code. See the section
Software and Firmware Web Updates for details.
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Uninstalling the software

o Navigate to the Control panel. Go to ‘Add or remove programs’. Left click on ‘CypherGraph’. Right
click on ‘Remove’.

See Appendix D for further software and device driver installation details.
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Software and Firmware Web Updates

Periodically the PC software or Firmware of the instrument may be updated to add new features or fix bugs.
The Update Info. button on the About CypherGraph dialog provides the method of downloading and
installing software and firmware updates. From the Help menu select the About CypherGraph item. Click
the ‘Update Info’ key and then click the ‘Next>>" key to check for available updates.

7. About CypherGraph g| Updates g|

Select the update operation required. Click
Mest to continue,

CypherGraph

Y0.83.197

Impedance Amplitude ahd Phaze Analyser
araphing application.

f* Check the internet for updates

" Inztall an update

Instrurnent r

Wi0.91. 1637 Hardware W1
SH : CEO-0504-0108

-

© Cypher Instruments Lid. 2003-2005.
All rights reserved.

Swztem Info. 0K Mest »»

Select the ‘Check the internet for updates’ dial. This only works if the PC has internet access.

If the software and the firmware are up to date, then you will be prompted to leave. Otherwise, select the
firmware and software that you want to download. It is usual that both the software and the firmware
updates will be available. CypherGraph will only check for firmware updates when the instrument is
connected.

Web Update gl Web Lipdate g|

The Saftware and firmaare you are uzing iz Select the updates to download and install

up to date.

[v Download firmware version 0.91

[v Download software version 0.91

Mest »»

Click the *Next> > key.

Data will now be downloaded from the web and a blue progress bar will entertain you. In this example, both
the software and the firmware are downloaded from the web.
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Web Update E|

Downloading the selected updates. Pleaze
wait,

Getting Software upgrade

L

i Cancel

LIpdates

X

Select the update operation required. Click
Mext to continue.

" Check the internet for updates
(# Inztall an update
[v Instrument Firmware update

[v CypherGraph Software update

Cancel

| Net>>

When the download is finished, you are asked to install the new firmware code into the internal processor of

the C60. Click ‘Next>>".
)

Select the version of firmware wou wish to install
on yaur Cypher Instruments C-60 hardware and
click Mext to continue.

|I::‘\Dc-cument$ and SettingzhTestMy Doc J

Wersiot:  W0.97 Build 1637

M otes: Releaze candidate B for beta
testing (Upagrade)

MHext > LCancel

Firmware Upgrade

Firmv
Upgre

X

Select the senial number of the instrument that
waou wizh to upgrade and click Mext to continue.

CEO-D504-01 08 ]

Wersiot:  W0.97 Build 1637

M otes: Releaze candidate B for beta
testing (Upagrade)

<< Back MHext > ‘ LCancel ‘

Choose the serial number of the instrument that you want to upgrade. Usually there will only be one unit

connected.

A 'WARNING' states that the upgrade process will not
take kindly to being unplugged during this installation
procedure. The C60 has the capability to upgrade the
firmware which is stored in FLASH memory. The
original shipped firmware remains write protected,
but the remainder of the FLASH memory can be re-
written by the host computer. Upon reset, the original
shipped firmware is run. This firmware determines if
a newer version of code is present by using a CRC
check. If the newer version of firmware is found to be
correct, execution transfers to this code. This method
prevents an unrecoverable system crash that can
occur if a new program download is interrupted or
corrupted. Click the ‘Next>>" key and hope that there
isn't a power cut.

Firmware Upgrade

WARMNING: Do not unplug the instrument
during FLASH programming. Click Mexst to
continue,

Wersion:  W0.82 Build 1405

To be upgraded ta:

Wergion:  W0.91 Build 1637
MHotes: Release candidate B for beta
testing [Upgrade)
<< Back Mest >» Cancel
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g| .} Firmware Upgrade El

The firmware of the instrument has been
uparaded successfully and the system has
been restarted. Click Finizh to return to
CypherGraph.

WARMIMG: Do not unplug the instrument
during FLASH programming. Click Mext ta
cantinue.,

[

Wersion: Y082 Build 1405

To be uparaded to:

Wersion:  W0.91 Build 1637

Motes: Releaze candidate B for beta
testing (Upgrade)

Firizh

When the upgrade has been completed, click the ‘Finish” key. The firmware has been modified and has been
installed inside the C60.

Now, install the CypherGraph software. This is a PC program. Click ‘Next>>" and then ‘OK'.

Updates g|

Select the update operation required. Click
st to continue,

" Check the internet for updates
Software install

* Inztall an update

[ Instument Firmware update !

[v CypherGraph Software update 0k

j Click QK ta shutdown CypherGraph and run the installer

LCancel

Select the most recent file date and click ‘Open’. This takes you to the CypherGraph Setup Wizard. Click
‘Next>’. For details of software installation see Appendix D.

pm—— EECD

Look jrc | 3 Updates j ﬁ Ed-
: Welcome to the CypherGraph Setup
: S0 CGVOR91B217 Wizard
My Recent
Dgc.\:r;ms This wizard will guide you through the installation of
= CypherGraph.
t It is recommended that you close all other applications
Desktop before starting Setup, This will make it possible to update
relevant system files without having to reboot your
computer,
My Documents Click. Nexct to continue.
-
My Computer
.. File pame: [Covoraiez17 =l
My Metwork  Files of lype: |Execuatle files!” exel - Cancel
Flaces [ Dpen as jead-only
E Mext > i [ Cancel J
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Using the CypherGraph Software

When the application is launched, a blank start up page is produced. If the device is not connected, then
tests cannot be performed, but existing graphs can be viewed. With the C60 connected, new graphs can be
produced and existing graphs can be viewed. The blank start up page is shown below. The Settings dialog
box will appear if a unit is attached.

CypherGraph

File Edit Yiew Test Window Help
DEEE S ibebeAfes rag @ oo §
@ ¥ Settings
@ Dscillator | Engineering I
= Frequency Range Sweep from
= Frequency A [Hz)  AtB
1] 1000
Frequency B [Hz) C Bud
. |2DDDD f* Altermnate
. Option
5 lrl_ Uze 3 Axiz extents [ Acguire Phase
. — Mumber of test points
250
.
8 ’
. — Idle Output Frequency
. o Oif  User Defined in Hz

{* Test Start |1 oon

- Test period [mS]
OmS

|
J

Apply | % |

Connected [1 [ 1000Hz | 20000Hz | 250pts [Of | OmS [Start

|Altemate | 0dB |><: |Y: v

The three boxes on the top right hand side are Minimize, which places the application on the task bar;
Maximize/Restore down, which controls the screen size of the application and Close, which turns off the

program.

The following text describes the menus and tools (in tedious detail), however for instant gratification, jump
to the section titled Viewing a graph, where as it suggests, you can view the example graphs that are

supplied with this product.

Ultrasonic transducer

Pen 1 Pen2 Pens 151552 Pens

Modulus of Impedance - Ohms

Ultrasonic transducer

17:2426  Pen2  17:28:

Elliptic low pass filter module

17:31:53  Pen5  Pen6 17:27:34 17:3327 Pen9  Pen10

—

Modulus of i
Amplitude Gain - dB.

2100

o~

3100
Frequency (Hz)
Produced by Cypher nstruments

| S’

108

Frequency - Hz
Produced by Cypher Instruments.

C60 & CypherGraph User Manual

November 2006

Part # MAN-C60-1.2




Cypher Instruments Ltd

Page 13 of 121

Menu Bar

The row of text is called the menu bar, the function of which is described next.

X

CypherGraph
File Edit Wew Test wWindow Help

File

FEN Edit  Wiew Test ‘Window Help

M
Dpen...
Close

Save
Save s,
Save Al

Properties. ..
Print...
Expart...

N Projeckst CypheriPlokst Active Crossover,gad

Chrl+M
ChrlD
Ctrl+F4

Ctrl+5
Ctrl+a
Chrl+L

Chrl+I
Ctrl4-P

Ctrl+E

Z:\Projects) Cyphert Plots455kHz resonator, complesx impedance. gzd
Z:\Projects) CypheriPlots\Digital Audio Transversal Filker.gad

Exit

The File handling drop down menu allows the user to open existing files (graphs), investigate file properties,
create new files, save, print and export them. Note that the commands in this menu can also be initiated by

control characters. For example, Ctrl+N = New File.

New starts a new file, which can be Amplitude or an Impedance response.

Open... takes you to the Plots folder, where
files (graphs) are stored. Double clicking on a
file will open it. There is a choice of plot file
extensions; gad which is the amplitude response
format and gzd, which is used for impedance
responses.

Close finishes work on the current file.

Save stores the current file in the Plots folder.
Hint, don't use either / \ (slash) in the graph title
and CypherGraph will suggest this as the file
name.

Save As... stores the current file with the option
of choosing a new file name

Open Plot file

Look jn: | ) Plots

p B 11z crystal
_..) . 10KHz Elliptic low pass filer

My Recent [l 20kHz Elliptic LPF
Documents .ZSJFHZ transducer

[' ‘,-.} .455KH2 ceramic resonator

.SOOKHZ Ceramic resonator
Desktop LR low pass fikter
.Mcrophonz with tone control

_J Scope probes
Single Pole Filters
nt
R B studiophile
. Twa Transducers
L

My Computer

"') File name: [I

My Network  Files of type: | &l plot files(*")
Places [ Open as jead-only

e

c¥ E-
=l
-| Cancel |

Save All stores all files that are open in the application.
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Properties... shows the properties of the graph
that is currently in focus. This information
includes the file path, size, and date of initial
creation. Also shown is the version number of
the PC software, the embedded code version
number and the hardware serial number of the
C60 used at the time of creation. If an old file is
reused with different hardware and software,
the File Properties do not reflect these changes.

Print... enables graphs to be printed directly
from the application. The best print quality is
obtained by this method. Colour, Monochrome
or graph markers can be selected in the Graph
View Options dialog as shown in The Graph View
Options section. The Setup... button takes you
to the dialog box for the installed printer, so that
the paper size and orientation can be chosen.

Export... can generate data files for use in
other programs. From the Text tab, select the
individual pen plot that is to be exported. Next,

File Properties

File M ame:
Path:
D ate:

Wersion;

Ihstrument:

X

488K Hz ceramic resonator.gzd
C:%Frojectz\CyphersPlotsh,
20407 #2005

CypherGraph 0,971,218
CEO-0504-01 08 0.4, 847

= 455KHz ceramic resonator,

Frinter
Name: eskjet 9300 series
Statuz  MelZ
Paper

a4, 210 = 297 mm
Orientation

f* Partrait

i~ Landscape

press Save and enter the file name. Note; only Cancel Setup... ‘ 0K ‘
one plot at a time is exported, not the whole
graph.
Export Graph rg| Save As 2IX
Save inc |_}Emort lJ 3] [ '
llmage]
b 1
Select pen _._‘)
0 My R
1 B - B B Dc:; m
2 B - 7 B - :I
3 B a B - Desktop
4 H g H
5 ] [ 10 B -
My Documents
E xport options
Precision of output: & Tab-delimited " Comma-defimited .
0.000000 h [ Unix tesxt file format My Computer
[ Inchude best information header best i‘g File name: 455!11.Hzc:er.m: resonato] - Save
My Network, ~ Save as ype: |Teui files [*bet) =l Eanosl
Cancel Save Flace:
The Text file contains the data that is |k AR L o) B9((=1/c3

File

used to draw the individual plots. The
file can be opened and edited with
Microsoft’'s Notepad and can also be
used by other graph plotting programs.

Points

3134503
3134448
3134394
3134339
3134285
3134230
3134176
3134122
3134067
3134013
3133958
3133904
3133850

Acquired by
Graph title
Pen legend

136.
136.
136.
136.
136.
136.
136.
136.
136.
137.
137.
137.
137.

Edit Format \View Help

Exported from: CypherGraph v0.91,217

Exported data: Frequency vs Impedance in ohms and phase in degrees

1 CypherGraph v0.90.200 | C60-0504-x0108 v0.4.847 : 20/07/2005
: 455KkHz ceramic resonator

v 16:52:37

1 995
475900 -20.390630
475900 -20.390630
475900 -20.390630
032200 -20. 346680
475900 -20.302730
475900 -20.214840
475900 -20.214840
921100 -20.214840
921100 -20.214840
367800 -20.214840
815900 -20.214840
815900 -20.170900
815900 -20.083010

-~
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CypherGraph also produces image files. These formats are JPEGs, bit maps and meta files. These are useful
if you have to include the graphs in other documents. Generally the meta files give the best image quality.

First select the image file format. If you want good quality JPEG graphs, then choose a high resolution. Next
change the aspect ratio as desired and then Save the file, renaming it if needed.

Export Graph Fg|

Text Image l

Select the file type for export;

* yaref] |

Bitmap image file [*. brmp)

Aspect ratio (]

=

Export Graph El

Tewt Image ]

Select the file type for export:

|JPEG image file [~ jog) ~|
Select the resolution;
[ 1600 « 1600 |

320w 320
E40 = B40
800800
1024 w1024
1280 » 1280

Cancel Save

There are many properties associated with file
formats and file sizes. The following pictures are all
the same graph. The graph on the right is a screen
capture which was saved as a JPEG file. This is not
an Export Image feature of CypherGraph. The file
size is 178k and is dependant on the screen image
resolution of the PC.

When Export Image is applied to the same graph,
with a 1600 X 1200 resolution, the files sizes are;

*.JPG = 398k
*.BMP = 7,501k (massive)
* WMF = 130k

Cancel Save | Cancel | Save
Export Graph gl S 3
Savein | () Export M & cf EB-
Text Image ] .
£C
Select the file type for export: My Recent
= . . Documents
|JF'EG image file [*.jpg) j —
Select the resolution: L“
Desktop
[1800% 1600 |
Azpect ratio [%] MyD .
: 1 58
E % _______________ My Compuster
: ‘_, File pame: 455#:in 81 SMIC (E50nah ﬂ
My Metwork ~ Save as type: |JPEG files [".jpg] - Cancel
i Places
} )
il

W E6N B2 WBeta e Ll AT T eATAS weo 28
i
} il
: 1 'f?""'.
8 b i
! i 4 1
i i I
: 1 .
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455KHz ceramic resonator
The top picture is the Export Image JPEG
Output, Wlth an aSpeCt ratio of 1600 X 1200 16:52:37  16:55: 163525 163654 163942 164147 164416 16:46:21  16ATAB 165028
The Export Image BMP output file is so
massive (7.7Mbyte which is bigger than the
size of this manual) that it was not included l l
in this document. 02 1
The WMF metal file (large middle and small U
lower) is the smallest of these outputs. It .
produces a good graphical image and has ©
good resizing, stretching, colouring and t;
transparency controls. 5 HA
{bh\w
H | Y i } M }M[A,/\M ))))))))

Exit closes the application.

3.3*10° 344100 3.5%10° 3.6%10° 371106 3.8M0°
Frequency - Hz
Produced by Cypher Instruments
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Edit

S View  Test  wWindow
IUnda zaam Chrl+Z

Cut kel
Copy Chrl4+C

Preferences.., F2

Undo zoom steps backwards through the graph Zoom history. There are some aberrations in this process,
but it does get there.

Redo zoom steps forwards through the graph Zoom history.

Cut, Copy, Paste allows the user to Cut or Copy a plot from one file and to Paste it into another. These
files must have the same file extensions.

Open two files. Click on the first graph and then select a pen number by clicking on one of the ten pen
colours. This is the pen plot that will be copied. Press Ctrl+C to Copy it. Now click on the second graph.
Select a pen number that has not been used. Press Ctrl+V to Paste the plot into second graph. This is a
very powerful method of editing and transferring plots. Cut (Ctrl+X) can also be used as a direct method of
deleting a plot in a graph.

Preferences... enables the user to customize some of the features of the application. Select the Pen
Colours tab and then double click on a colour box. This launches the Color dialog box which is used to define
the pen colour from a Basic selection or a Custom Colour range.

Preferences PX| Color El E|

l Arnplitude ] Impedance .-".-i'-.u:lmittance] General] File: paths] Basic colors:

R [T E HEE
Hf METMTEENE
HEN N EENEEE
1.2.3.4.5’7 HENEEEEEnE

Default Pen Colours

Click on the colour box to change the default colour

e,
2 & B B B 0 0§

Define Cugtom Colars »3

Defaul oK | Ok | Cancel |
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Use the preferences box to set up the default
view of the graph.

The Amplitude Response tab sets the
Frequency axis to be Logarithmic or Linear,
sets the Amplitude Scale range and controls
the settings of the Phase graph.

The Impedance/Admittance Response tab
sets the Frequency axis to be Logarithmic or
Linear, sets the Impedance/Admittance Scale
range and controls the settings of the Phase
graph.

The General tab has a selection of user
preferences. The pen selections are worth
considering. These can be set to overwrite a
plot, which could result in loosing valuable
work! To avoid this, pens can be locked after
a plot has been performed. Control of the
minor graticule shade is provided here.

Preferences §|

Pen Colours l |mpedance H.&dmittance] General] File paths]

Frequency axis scale

f*" Logarithmic " Linear
Gain / Lozz dizplay limits

" Auto Scale f¢ Manual
FPhase graph

i Off

" 0-180Degrees

Default (14

fe 0-360Degrees

Preferences g|

Pen D:ulnurs] Amplitude | Impedance / Admitance l Generall File paths]

Frequency axiz scale

f+ Logarithmic " Linear

Impedance / Admittance dizplay limits

™ Auto Scale s banual
FPhasze araph
" Off f+ 0- 360 Degrees

Default (1] 4

Preferences E|

Fen Enlu:uurs] Amiplitude ] Impedance / Admittance  General l File path&l

Prompts
[~ Maotify on device disconnection [v Lock pen after plat
[~ Prompt for device connection [ Dizplay splazh screen

[v Open settings dialog on device connection
[~ Prompt before ovensriting a uzed pen

Global Graticule Shade

Light Dark.
)

Default Graph Font
|Tahoma j

Drefault
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The files associated with CypherGraph are
stored in four folders.

\Plots - GAD & GZD files are the Amplitude
and Impedance graphs.

\Export — data, BMP, JPG and WMF files are
stored in this folder.

\Script — is a programming language that
drives the hardware. This is useful for
automated applications.

\Updates — for the PC application and the
embedded code are held here.

Preferences

Pen D:nluursl Amplitude ] Impedance .f.-’-'«dmittance] General | _Fils path ]

Plat files:

|E:\D ocuments and SettingshTesthby Documentg\CypherPlots

E xport files:

|I::'\D ocuments and SettingshTesthyby DocumentzsCypherE =port

Script files:

|I::'\D ocumentz and Settingsh T est\My DocumentzhCyphert\Script

Update files:

|E:\D ocuments and Settingsh T est\My DocumentzCopher\Updates

~
.
I~
-

3

Default

]9
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View

N Test  Window  Help

v Toolbar Chel+T

v Pen Bar Chrl+0

v Skatus Bar Ckel+B
Zoom Extents ChrlHi
Mark Daka Points Zkr+r
Add Text, ., F4

Graph Yiew Options.,. F3

The View menu controls the general view of the application and the graph.

Toolbar, Pen Bar, Status Bar turn on and off these Bar displays. This in turn affects the screen area that
is available for graphs.

Zoom Extents maximizes the horizontal and vertical range of the graph that is currently in focus. This
includes the phase graph if it was active.

Mark Data Points inserts solid markers on the graph (toggle action). These markers indicate the location
of test data points. Some flat plots can be obscured by the graph axis marks. Other plots have such dramatic
transitions that they are not visible on a maximized graph (see 1MHz crystal.gzd). Only when the Mark Data
Points function is active, are some plots are visible. Also, this function is useful for revealing under sampling
problems. In the following two graphs, the black and mauve plots are impedance plots of the same ceramic
resonator. Marking the data points reveals that the black plot is heavily under sampled. It misses most of the
response curves. Even the mauve plot needs more sample points.

455KHz ceramic resonator

6*102
4*102

2102
10 A

8101

6*101

4*107

Modulus of Impedance - Ohms

2*101

3.46*10 © 3.48*10 ¢ 3.50*10 6 3.52*10 ¢ 3.54*10 © 3.56*10 ©
Frequency - Hz

Produced by Cypher Instruments

455KHz ceramic resonator

6*102
4*102

2*102
102 A

8*101

6*101

4*101

Modulus of Impedance - Ohms

2*101

3.46*10 © 3.48*10 6 3.50*10 6 3.52*10 6 3.54*10 6 3.56*10 6
Frequency - Hz

Produced by Cypher Instruments
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Add Text allows the user to annotate a
graph. The graph title can be edited, as can
each of the 10 plot legends. Pens that are not
titted by the wuser are time stamped
(hh:mm:ss). The font & size can be selected
from the Graph View Options dialog box.

When a graph is saved, the program will
suggest that the ‘graph title’ is used for the
file name. This is a self documenting process.
However, if any of the following characters
are used in the title - (/,\.,;,*,”,<,>,]) the
user will have to manually enter a file name
containing valid characters.

Graph View Options selections can be
obtained from this menu. This dialog box can
also be accessed by right clicking on the
graph. The plots can be Locked, Unlocked,
Erased and Displayed or hidden, either
individually or as a complete block.

When a graph contains many plots, it
becomes difficult to identify each one. By
clicking the Display box, a plot can be made
to identify itself.

For a detailed explanation of the graph view
options available see The Graph View Options
section.

Add text: C:\Projects\Cypher_Old_11Plots\WMK Samples... [X]

Title
|5 amples

Pen Legend
" Pepl B Peng
WK1 /M-8
" Pen B Pen?
b -2 b5
5 Pen 3 ® Peng
] |Peng
B Pen 4 B Peng
|Pen 4 |Pen g
™ Penh B Penin
|Pen5 |Pen 10

LCancel | ]S |

Graph View Options: ...ypher\Plois}455KHz ceramic re... E|

w00 o m M = L P

EEEEN NEEN

—_
[}

v

<1 <1 < < < < < % «

Dizplay
Dizplay
Dizplay
Dizplay
Dizplay
Dizplay
Dizplay
Dizplay
Dizplay

Dizplay

-

[ DR I Rl i i B Al

Lack
Lock
Lack.
Lok
Lok
Lock.
Lock
Lack.
Lok
Lok

l Qispla}l] Ay ] Syl ] Mask]

M Al pens

M Lock
Eraze
Eraze Unlock
Eraze
Eraze Erase
Eraze UnFI.?Ecnlzed
Eraze

___Elfff__J Dizplay
Eraze

ok
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Test
Window  Help
Skart F5
Stop F&
Repeat Chr+FS
Run Script...
Re-Run Lask Script Shift+FS
Check Mask Shift+Chrl4+-FS
Setkings... F7
Device. .. Fa
Start, Stop and Repeat are commands that control the hardware. These commands are m

also available from the horizontal tool bar.

Start causes the C60 to perform a frequency sweep test, the results of which are used to generate a pen
plot. At the end of a sweep, the pen number is incremented.

Stop terminates any test that is currently in progress. The system does not have a pause feature.

Repeat puts the unit into a repeat sweep mode. In this mode, tests which have been started continue
endlessly until they are stopped. Plots on the graph are over written when the pen counter revisits them.
However, pens can be locked to avoid this (see Graph View Options).

Run Script... enables the user to control the [FEse 23

C60 from a script file. Instead of typing and o ] o
pointing and clicking with the mouse to . T —

perform a test, the user can run a previously R - P ———

written list of commands. This allows the user oL =:mn:ntu:e§wortwﬂ.cgs

to create tests that can be opened and run, u ll:ppd';:czs:gl}ﬁ;t.E.,s

enabling repetitive usage. The script language L eyl {88 irodanceEsportwn. cos

is detailed in Appendix C of this document. Wlirodancebrn.co

. . -

A non document text editor is used to edit the | MyDocuments

scripts and error checking traps gross

mistakes. The script file is sent to the C60 58

. . . . . My Computer
where it resides in non-volatile memory. This
provides the user with the facility to configure Q)  Flensme - pen |
an instrument to perform a set of tests for a MyNewok  Flesofye:  [CypherGraph script flest cgs) ~ Cancel
particular application. The user then need Flaces ™ Open as readonly

only to connect the device to the PC and Re-
run the last test script. In combination with the C60’s digital control outputs this makes the instrument
particularly suited to production test and quality control applications.

For details of the scripting language see Appendix C.
Re-Run Last Script repeats the last Script run by the instrument.
Check mask compares the plot against the graphical masks. First select a pen from the pen bar. Then

select Test - Check mask. The selected plot will then be tested to see if it is inside the mask and a dialog box
will declare the test result.
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Settings control the C60 electronics. The Oscillator tab of the
Settings dialog box controls the sine wave test generator. The
oscillator sweep range is from Frequency A to Frequency B, or B to A,
or Alternate. This last setting is very useful for the Repeat mode.
Frequencies are entered numerically and scientific notation (1k523 or
0.774M) can also be used. Click the Apply button to enter the data.

The sweep range can also be controlled graphically by checking the X
Axis extents box. This uses a Drag & Zoom function to define the
sweep range. If say, there is an interesting section in a plot, then
zoom into it and the next test will use these zoom limits to perform
the sweep.

The number of test points is set by a slider. With 1024 test points, the
graph has maximum resolution, but takes a long time to generate a
plot. The minimum number is 24 points, which allows the user
perform a quick test.

The Idle Output Frequency can be set to be Off (no output signal), or
On, at a frequency set by the User or the Test Start value. Choose
Test Start for Repeat mode. Extra time delays can be added to each
test point using Test period slider. This allows systems under test to
stabilize.

Most parameters are applied at the end of a test, although the
Number of test points slider is active all of the time.

The Engineering tab provides control of the sine wave output
attenuator. The output range is 0dB to -20.0dB, selectable in 2.5dB
steps. Best results are obtained by using a maximum level test signal.
The C60 has its own dynamic range issues and the use of low signal
levels will degrade performance. In the Amplitude response mode, the
C60 is designed to test systems with very little gain and lots of
attenuation. If the device under test (DUT) has a significant gain (X
dBs for example) then use a low impedance attenuator of X dBs at the
input of the test device.

The Monitor bar displays the input signal Amplitude or the ‘output’
DUT Impedance when the Monitor box is checked. This is used to
monitor the Amplitude or Impedance before a test. It is not active
during a test. The test frequency can be set manually.

The Diagnose key generates a self test graph. It displays the previous
calibration curve, the attenuator steps and the amplitude slope. This
graph is useful for remote fault diagnosis.

Calibrate Amplitude tests the amplitude flatness of the C60 and
applies a correction curve to plots. This process takes a long time.
The user should recalibrate regularly. Phase calibrates the internal
phase trim electronics. This process is performed automatically by the
instrument. When the phase calibration is performed a graph is
produced allowing fault diagnosis to be conducted remotely.

Dzcillator l Engineering
Frequency Range
Frequency & [Hz)

1000

Frequency B [Hz]

200000

Options
[ Use ¥ Axis extents

MHumber of test points
100
|

|

Sweep from
i AtoB
" Bloh

f* Alternate

[ Acquire Phaze

/

Idle Dutput Frequency

i Off " Uszer Defined inHz
f* Test Start
Test period [mS)
0'mS
|
p

Apply

Dscillator | Engi
Output Attenuatian
0de

Trouble Shoat
Diagnoze

Calibration

Calibrated
Amplitude |

|

tdanitor

[ Monitor on
e Amplitude
i~ Impedance

Frequency:

1000

Fhase |

0k
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Device opens the Select Instrument dialog
box. If there is more than one unit connected,
then choose which one to wuse. The
instrument’s serial number is displayed. If
there is only one instrument plugged in to the
PC then press F6 to connect.

Select Instrument

x|

Fleaze make zure that an inztrument iz plugged
in. Select the zenal number of the instrument you
wizh to uze from the drop down list bow below, [f
the instrument iz nat in the list then click the
Fiefresh button. Click OF, to continue.

CRO-0504-3401 05 |

For more information about Copher [nstrument's
productz and support click the button below:

More Infa...

Refresh LCancel
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Window
Window Wgl=ls]

Zascade Fi1
Tile Horizonkal Ctrl4+Fa
Tile Wertical Fa
Arrange Icons Shift+F3
Mext document Shift+F1
Previous document Shift+Fz
Close All Chrl+F12

1 CHiProjeckstCypheriPlatst Samplest 10kHz Elliptic 3957 points.gad
2 C\Projects\ CypheriPlots3amples’ 19kHz pilot tone Filker.gad
3 C\Projects\ CypheriPlotsh 3amplest20kHz Elliptic low pass Filker.gad
4 Ci\Projects\ Cypher\Plots 3amples200M of USE cable kerminated with 100R, gad
5 Ci\Projects\ Cypher\Plots) 3amplesiactive Crossover,gad
& CrProjeckst CypheriPlokst Samples\RiG179PE cable impedance #2.0zd
7 C\Projects\ CypheriPlotsh Samples Impedance limits & accuracy,gzd
& CHProjects\CypheriPlokst Samplesi Inductors and capacitors.gzd
v 9 Projectst CypheriPlats) Samples\Microphone impedance - 3 tone settings.gzd
More wWindows, .,

The window menu provides control over the graph document windows. Alt + W followed by a number 1 to 9
provides quick selection of the first 9 document windows. Further documents may be selected through the
More Windows... dialog. Next document and Previous document cycle through the document list.

When there are multiple graphs open, Cascade
produces a cascaded display of graphs. Only the top
graph can be seen, but the others are placed in
focus by clicking on the blue bar at the top of their
box.

o et it
HE @ LRE bmpfe | ra@me g

[ =

EFEEFEEERE e 2: - )

Tile Horizontal and Tile Vertical enable all graphs
to be made visible.

e ' =0z ramuEs

Z0KHz Hiliptic 10#Hz Elliptl:

Somaciad i s TPy e ik ey Fr - v
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As more and more graphs are displayed, their size is reduced. There is no limit to the number of graphs
open. The limitation is one of screen resolution. Eventually, the graph and text is so diminished that it serves
no purpose having it on the screen. Even with many graphs open, the one that is in focus can be used to

perform tests.

CypherGraph

Produced by Cypher Instruments

Produced by Cypher Instruments

Produced by Cypher Instruments

ﬁ |
- ]
o USB cable impedance Microphone with tone control S00KHz ceramic resonator 10KHz Elliptic low pass filter
H 10 10 |
g | JrR . g -
n 510 : — % 10¢ .5 Eai ‘..... =]
H \ by :g [
e 10 i i 153
| — | Y T - 5
. a 10 o - - 5 — 11
- 10° 154 T 0 T o]
[N
5 i 01— j / i -100
] ’ :
i 100 107 10° 10% 105 10F
M Fl EL 10 10 10 27100 4*106% 8¢ 2710
n Frequency - H Frequency - Hz Frequency - Hz U e
n Produced by Cypher Instruments. Produced by Cypher Instruments Produced by Cypher Instruments Produced by Cypher [nstruments
. C:\Documents and Settings\Tes... |- |O][X C:\Documents and Settings\Tes... |- |0 /X C:\Documents and SettingsiTes... - O] X
Two Transducers LCR low pass filter 455KHz ceramic resonator 1MHz crystal
25 A A s 10
I e AWV M P AN § £
50 = i ;
75 75 10
al === ém ey I T | i
| 100 100 _\
of Al o T JIJ o fﬁ\E %1 \ %10
' 100 -100 g § ¥
IL 10
10 10 10 2°10° 4*16*ENMI  2°10° 4°10 9,964 919969 HUE1 100 * 10
Frequency - Hz Freguency - Hz Fregquency - Hz Frequency - Hz
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Single Pole Filters Active Crossover 350KHz transducer WMK Samples
9*10
° /'“\\ — BT = § £*10 - °
c ¥ e Y ]
T 40 610 £
| ]
o 3 /7% - =0 g A
= 50 ] v % e e
0 , -100 8 J\ j../
-100 e =22 A L /]
'] s S 31 1 b
10 10 10 10 10 10 10 2*10 3*10° 4*10° S*106*10 R [/ S SO i SO [ SRR I
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Produced by Cypher Instruments Produced by Cypher Instruments Produced by Cypher Instruments Produced by Cypher Instruments
Disconnected 1 % 660 Hz Y. 9351235 dB

Arrange Icons is used to organize graphs/icons that have been minimized.

Close All removes all graphs from the screen. If they need saving, then a prompt dialog box will appear
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Help

User Manual F1
Cypher Instruments On Line  Shift+Crrl+F1

About Inskrument Chrl+D

About Cvpheraraph Chrl+F1

The User Manual is viewable as a pdf document, with an active document map.

The Cypher Instruments On Line button menu item connects to the web site.

About Instrument |lists the device
properties of the connected unit. Other units
will have different operating ranges and
functionality.

The About CypherGraph menu item details
the PC application and the embedded code
version numbers and the hardware serial
number.

The System Info button displays the system
information summary of the host computer.

The Update Info button connects to the web
site to check for the latest versions of the PC
application and the instrument firmware. For
more information see the section Software
and Firmware Web Updates.

About Instrument le

Cypher Instruments

M odel Murnber: CEO
Hardware Yergion: 2

Firrmweare Version:  0.98.2052
Serial Mumber: CRO-0504-01094
Frequency range:  10Hz to dkiHz
Amplitude range:  +5dB to -B87dB
+/-180 Degrees

Impedance range:  0.01 Ohmz to 450k Ohms

Phasze range:

|0 capability: Six outputs

Congole |

" About CypherGraph le

CypherGraph

V0.83.197

Impedance Amplitude and Phaze Analyzer
graphing application.

Instrurnent

W0.91.1637 Hardware W1
SM : CRO-0504-<0108

2 Cypher Instruments Ltd. 2003-2005.
All rights reserved.

Swystem Info. 0k
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Tool Bars
CypherGraph has two tool bars for quick access to regularly used functions. The function of these is

described below.

The horizontal tool bar
DEEE & & B I e N E B s v ow P

The horizontal tool bar contains several familiar and new tools. Some of these tools can be accessed by
right clicking on the graph document and then selecting them from the drop down menu.

e E R &

From left to right these are; New test, which prompts the user to choose an amplitude or impedance test;
Open an existing file, again with a user choice of amplitude or impedance; Save a graph; Export a plot as
a text file or a graph in an image format and Print the current graph on the installed printer.

B @B

From left to right these are; Cut, Copy and Paste. These allow the user to Cut or Copy a plot from one file
and to Paste it into another. These files must have the same file extensions. Open two files. Click on the first
graph and then select a pen number. This is the pen plot that will be copied. Press Ctrl+C to copy it. Now
click on the second graph. Select a pen number that has not been used. Press Ctrl+V to paste the plot into
second graph.

0 e N K =

From left to right these are; Graph view options; Add text to the current graph; Mark Data Points on
the selected graph; Zoom extents, which maximizes the graph display range; Undo and Redo, which step
through the zoom history.

o)

From left to right these are; Start test, which initiates the test procedure and graphing program (referred
to as a plot); Stop test, which halts this process and Repeat test, which puts the unit into a repeat test
mode. Note; we define a graph as being a collection of plots. There can be a maximum of ten plots per
graph, each plot having its own pen colour and pen number. Graphs are stored as data files with the
following file extensions; GAD for amplitude graphs and GZD for impedance graphs.

Ful «2

From left to right these are; Test settings, which causes the Settings dialog box to appear and Connect
device, which selects the USB instrument and displays the unit serial number. These only function when a
C60 is connected.

K3 Cu

From left to right these are, Previous document and Next document, which allow the user to scroll
through the open graph documents.

?

The Help tool provides on screen access to this manual.
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The vertical tool bar

The vertical tool bar provides quick access to the features available on the Pen tab of the Graph View
Options dialog box. This tool bar provides quick access for pen, colour, lock and view features. Pen selection
1 to 10 is also available through the number keys 1 to 9 and 0 for 10.

G

Lock pen locks the currently selected pen so that it cannot be over written.

i

Unlock All Pens that are locked on the graph in focus.

&

Display/hide the currently selected pen. This is very useful for identifying a single plot in a busy graph,
particularly when monochrome is selected! Select a pen number and the press the eye button to hide/show

Display all pens on the graph in focus. Pens can be hidden by the Graph View Options selection. This

retrieves them.
Caolor El g|

Basic colors:

Ml NN
Hf TENENEN
ENNEENEN
ENEEEEEN
EEEEEEEN

When a graph is open, left click on a pen box to Select the Pen
number. The selected pen has then been chosen for the next pen
function such as a plot or a copy & paste operation. Right click on
a box to enter the colour definitions box. This controls the plot line
colour of the graph document in focus.

LCustarn colors:

RN
AN EEEEEE

Define Custom Colars >

ak. | Cahicel |

EEER® -TERE

C60 & CypherGraph User Manual November 2006 Part # MAN-C60-1.2




Cypher Instruments Ltd Page 30 of 121

Status bar

At the bottom of the application is the Status bar. This bar displays data about the graph in focus and the
current test.

The Status bar displays ‘Connected’ when connected, Testing’” when testing and ‘Disconnected’ when
disconnected. In this mode, it also reveals the test progress.

The current pen number is shown. Click the pen bar boxes and this number will change.

The two frequencies A & B are displayed. These are changed when the (Settings — Apply) button is pressed
or when (Sweep - X axis extents) values are applied or when Zoom Extents is asserted.

The Point counter shows the number of points in a test and is also used as a progress counter during a test.
Change the number of test points using the slider in the Settings dialogue box and see them change in the
Status bar.

Next, the oscillator idle frequency is shown. In this example it was set to 1000Hz. Other displays include, Off
& Start. These are all controlled in the Settings dialogue box.

The extra time period per test is displayed in milliseconds.

The sweep can be A to B, B to A or Alternate.

The oscillator attenuation is shown in dBs.

When a test point on a graph is selected (point & left click), the X & Y coordinates are displayed. The X axis
is frequency. The Y axis can be gain/loss in dBs, phase in degrees and impedance/admittance in Ohms or

Instrument Frequency A Point Counter ~ 1Ime period SINEED Y axis — dB, Phase,
—— mili Second direction Ohms. Siemens
| Connected 3 1000000 Hz | 4000000 Hz | 101 pts On Oms | Start At B -0dB % 3031433Hz |- -88.4191548
Pen number Frequency B Phase data Oscillator idle Oscillator X axis -
acquisition frequency attenuatio Frequency

When an instrument is disconnected, the status bar can still be used to provide the XY coordinates of data
points in a graph and to display the currently selected pen.

Instrument Y axis — dB, Phase,
Disconnected Ohms, Siemens
Disconnected |1 448276 Hz Y 1031372 Ohms

Pen number X axis -
Frequency

C60 & CypherGraph User Manual November 2006 Part # MAN-C60-1.2




Cypher Instruments Ltd Page 31 of 121

Viewing a graph

To view an existing graph, select File Open from the menu bar or press the Open file icon from the tool
bar. A dialogue box will appear. Navigate to the Plots\Samples folder that contains the example plot files.
Remember that there are two types of file, gad (amplitude graph) and gzd (impedance graph), which are
identified graphically as an A or |Z]| icon.

Open Plot file
Lok jh: IE}F’I-:-ts j = =k B~

[5amples;
- 10KHz Elliptic low pass Filker QA kest.gad

ty Recent
Diocuments

@

Dezkiop

My Documents

&L

My Computer
Q File name: I j ﬂl
My Network  Files of bupe: [ phot i) = ﬂl
Flaces [ Open as read-only
A

For illustration purposes, select the file shown below. This file contains the amplitude and phase response
data values for a low pass filter which is then displayed as a graph.

(-]
X
&
1
8
o ;
B
B 4
o
u R
gl H
B L
LI I
. | A
! AN
1 i
15 |' \\ \ | I,I
] “‘ ‘\\\\\ II.
.;" Vb l\l; !
LK M EHSERYAN |
\ \
- SS=asu | = \

33617

Dizreracts BB Hr

Load up three other files, including the ‘455KHz resonator’ response. These are displayed as a multi
document cascade. In the Open Plot file dialog the Ctrl key can be held down to select multiple files.
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CypherGraph

Gl Edt Wew Test Window Help
DEdE & s heapfEes ra@ @E ¢
C:\Documents and Seltings\Tes!Wy Documents\CypheriSamples\Low noise preamp 50, 500HP & 20KHz, 1MHz LP.gad
C:\Documents and Settings\Test\My Documents\Cypher\Samples\hctive Crossover.gad
C:Wocuments and Setlings\Test\My Documents\Cypher\Samples\10KHz Elliptic 8987 points.gad

C:ADocuments and Settings\TastWy Decuments\Cypher\Samples\455KHz caramic resonator. gzd

455KHz ceramic resonator

108

Amnlibade Gaio - dB

=]
3

EEER®: -AEER 11926

Arneltude Gain - dF

N |
1T

Acaplih e Gaie - AR

Maduus of Impedance - Ohms
=1

Phace - Deorees

3

Ehase - Deorpgs

EH0F EMIOE 0
y - Hz

Produced by Cypher Instruments

4*10F

Select Window Tile Horizontal from the menu bar. The four graphs will appear in a two by two matrix.
Click on any of the graphs to change the graph document in focus.

CypherGraph

&
3 " .
5 455KHz ceramic resonator Active Crossover
= . - o
n A0 W80 LC4S A2 MBO LC4S A4 WB0 LC4S A0 MB1 LCAS A2 MB1 LCAS
n g 105 AD MBI LB AD WD LC10D Hl W2 H2
. ]
0l PR §
. \”‘ s
o N | $
|| I\k‘_ﬂ B
H - e
o0t 8
-k :
(=1
1] g 10! 57
£ :
10 M 40P E*10 IR0 ST 40k w e e

w
Frequency - Hz Frequency - Hz
Produced by Cypher Instruments Produced by Cypher Instruments.

C:\Documants and Sattings\Tast\y Documants\Cyphar\Samples\10KHz Elliptic B9...

10KHz Elliptic 8987 points Low noise preamp 50, 500HP & 20KHz, 1MHz LP
o S0Hz, 20KHz S00Hz, 20kHz S0Hz, IMHz
10 g ° — \I
5 5
] || g ]m i
c-30 S ]|{ Y
g - | E™ :
l -
g | § =
< _an
iy
_,n VS g o J \\\‘;l‘*
1 mEs i l N
- L - [\
10 10# 107 bl 0% 108 10? hle 10? bl 10 10¢
Frequency - Ho Frequency - Hz
Produced by Cypher Instruments Produced by Cypher Instrurrents.
Commected 1 1000Hz 4000000 Hz 100 pls. O 1000 Kz Atemate T x i
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C:\Wocuments and SettingsiTestWy Documents\Cypher\Plots\4 55KHz caramic resonator.gzd

455KHz ceramic resonator

210 4*10 6*10 B*10° 10 2%10 4*10
Frequency - Ho
Prodhuced by Cypher Irstruments

There are some interesting impedance resonances in this electro acoustic device. Using the mouse, left click
on the graph and then draw out a rectangle (shown as a negative image). When the left click is removed,
the graph will Zoom into the rectangle.

455KHz ceramic resonator

Modulus of Impedance - Ohms

4*10° 5%10° 6*10°
Frequency - Hz
Produced by Cypher Instruments

The zooming can be repeated almost endlessly, eventually revealing the noise floor, assorted errors,
interference and the quantization steps of the system.

C60 & CypherGraph User Manual November 2006 Part # MAN-C60-1.2




Cypher Instruments Ltd

Page 34 of 121

455KHz ceramic resonator

165237 165511 163523  16:3654 163942 164147 164415 164621 164746 165028
321102
30%10°
28410° \
o
E ‘ .
S \
' -
3 s AN
g 2l | -\
3 "o 1
E \ o
s
8 26103
=] \
3 Y
=
24402
[
|
4710110° 4715"0° 4.720"10° 4.725%10° 4730%10° 4735410°

Frequency - Hz
Produced by Cypher Instruments

Test Setkings

Graph Yiew Opkions
Add Text

Phase »
Impedance k
Mark Daka Points

cuk

Copy

Zoam Extents
Undao Zoom

Export
Properties

Right click on the graph and a menu box will appear. This provides a fast route to the graphing controls.
Undo Zoom will now step back through the different areas of the graph you have zoomed into. Redo

Zoom steps forward once you have done an Undo Zoom.
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The Graph View Options

The Graph view options dialogue box allows the user
to exercise control over the 10 pen plots that make up
a graph. Right click on a graph to invoke the Graph
View Options box. The Pen tab allows pen colours to
be set. Double click on the coloured box to activate a
colour palette, and then select a pen colour. Each
graph can have a different set of pen colours, which
can be set before performing a test and can be
changed afterwards. Each Pen plot can be displayed or
hidden, which is useful when there are many pen plots
on a graph. Pens plots can be locked, so that they
cannot be over written. In this way, a set of locked
plots can be displayed as a reference. Pen plots can
also be erased

The Display tab sets the Amplitude View (left) to be
Gain or Loss represented in dBs. The Gain display

Graph View Options: ...ypher\Plots\455KHz ceramic re... E|

l Qisplay] Ayes ] Style: ] Mask]
17 M ™ Display | Lock _ Erase | [Allpens
2 M ¥ Display [ Leck Eraze Lock
3 M ¥ Display [ Lock Eraze
4 | ¥ Display [ Lock Eraze Unlock
5 I_ v Display [ Lock Eraze
B I_ v Display [ Lock Eraze Erase
7 B ¥ Display I Lock  Erase Hrlacked
5] . v Display [ Lock Eraze
g . [v Display [ Lock Eraze Display
10 . [v Display [ Lock Eraze

ak.

range is from +10dB to -90dB and the Loss range is from -10dB to +90dB. These two views are inverted
images of each other. Also, Impedance view (right box) selects either Impedance in Ohms or Admittance in
Siemens.

Graph View Options: ...uments\Cypher\PlotsMctive Cro... E|

l Apes ] Style ] Mask]
Amplitude view

" LosszindB

(+ Gainin dB
Phase graph

" Off (+ 0-180 Degress

" 0- 260 Degrees

Migcellaneous

[~ Mark Data Points [ Show test information

0K

Graph View Options: Document 12 E|

l.ﬂges ] Style ] Mask]
Impedance vigw

* |mpedance in Ohrms

" Admittance in Siemens

Phaze graph

" Orf (e 0- 360 Degrees

Mizcellansous

[™ Mark Data Points [ Show test information

0K

The Phase graph controls the phase display range. When active, the phase graph can display a 0° to 180°
range or a £180° range. The phase electronics uses a sign detector to un-wrap the phase graph and to
double the display range. This works well on big clean signals and not so well on very small signals with
poor S/N ratios. If the input signal has a poor S/N ratio or has interference, then the results will be
degraded.

The ‘Mark Data Points’ check box, toggles the data points on and off. The Show test information box reveals
the software version nhumber and the graph date.
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The Axes tab sets the frequency axis to be either logarithmic or linear. Most frequency responses are best
displayed as dBs versus log frequency. In this way, many filter and impedance responses have ‘straight line’
slopes. However, time delay networks, such as comb filters, have peaks and notches which are linearly
spaced and so a linear axis works well for this type of system. The Upper and Lower viewing frequencies can
also be set. Also the amplitude display range can also be set (left box) or the Impedance range (right box).

Graph View Options: ...ypher\Plots}455KHz ceramic re... E| Graph View Options: ...n 4MHz to 10Hz amplitude test ... E|
Pen ] Display Style ] Mask ] Pen ] Display l Style ] Mask ]
Frequency axis s axiz dizplay limits Frequency axis zcale Frequency axiz dizplay limits
Lower:  [qQ Set Lower:  [qQ Set
& . & .
Logarithmic Upper  [ao0o000 Sel Logarthmic Upper  [ao0o000 Set
 Linear Max Range | Set to cument zoom extents |  Linear Max Range | |
Impedance axis scale Impedance manual zcale limits Amplitude scale limits Amplitude manual scale limits
{» Logarithmic Lower: |0 Set Lower oG Set
. {
" Linear Upper  [1000000 Set fulta seale Upper: |5 Set
Impedance scale limits
Max Bange | Setto current zoom extentz | ~ tax Range |
* Manual ¢ Auto " Manual
oK oK

The Style tab controls the appearance of the graph. Graph View Options: ...n 4MHz to 10Hz amplitude test ... [X]
P Dizplay | A&, Mask

The graph can be plotted in colour, monochrome and Z [P [fe Mask |

monochrome with symbol markers. Some technical Lelour / Manachrame

magazines still publish in black and white. € Colour @ Monochiome 'g‘;gg;”“’eg'“

The font used inside the graph can be selected from Fon

the PC font folder. This allows the user to match the Tahoma =l

graph font to a font used in a document. Three sizes © Lagge £ Medium & Smal

are available. These sizes impact on the available
area in which to plot the graph.

Legend Location

(" Hidden i Inside Axiz f* Top
The large font is useful for the wmf file formas. The  Bottam o Left - Fight
font appears to be very large on the screen, but is
suitably large in a document. The wmf process for
text in resizable graphs is not wysiwyg. oo |

The graph Legend Location can also be controlled by the user. These give the user even more choices over
the visual look of the graph. The examples below use the ‘Top’ option.
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Below are colour, monochrome and monochrome plus symbol views of the same graph

lowpass10k

lowpass10k

lowpass10k

Amplitude (dB)
[ —
|

L—]
Amplitude (dB)
|

|

10000 10000
Freque

que
Produced by Cypl

%mp\ltuw-e{dﬂ]

10000

100000
Froque

Produced by Cypt

The Mask tab enables lines to be drawn on a graph. These
lines can be used as boundary markers to test device
performance. A set of upper and lower boundary lines
forms a test mask, through which the response of the DUT
has to travel. Pass or fail can be visually determined by the
user, or a Check mask test can be applied. These masks
can be applied to amplitude responses and impedance
responses.

The upper and lower masks consume two of the ten
available pens. These masks have been assigned to pens
#9 and #10. Select the Mask tab and click on the ‘Show
mask lines’ box. A small dialog box reminds the operator
that any existing plots that used pens #9 and #10 will be
erased! For a new graph, this warning has no meaning.
For an existing graph, you could end up erasing plots.

Erase pen 9 10 Data

Enable pen 9 and 10 mazks?

Caricel

10000

100000
Frequency (Hz)
Produced by Cypher Instruments

1000000

Graph Wiew Options: ...n 4MHz to 10Hz amplitude test ... g|

Pen ] Qisplayl Azes ] Style

Graph mazks
[~ Show mazk linez

Graph Wiew Options: ...n 4MHz to 10Hz amplitude test ... E|

Fen ] Qispla_l,l] Aues ] Stle  Maszk

Graph masks
v

Pen 3 - Upper Mask Data Entry
Paint [ndex: 1

1000

Frequency paint:

Step
Hest

Amplitude in dB: |.5_?1

Pen 10 - Lower Mask Data Entry

Previous

Paint Index: 1 Step
Frequency paint: ’1007 Mext
Arnplitude in dB: |97 Previous

Oiffset

Offget

Ok
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In this example, an elliptic low pass filter response will have a mask drawn around it. Data points are
entered manually into the Frequency and Amplitude boxes for both the upper and lower Masks. A mask is
constructed from 2 to 24 points. As the data points are entered, they appear on the graph as dotted lines.

The Next and Previous buttons allow the user to change data points. The two masks are treated the same as
any other plot line.

An offset button allows masks to be shifted up and down.

10KHz Elliptic low pass filter QA test
CypherGraph V0.95.230 C60-0504-0109 V0.95.1972 : 04/01/2006

Sample 1 Sample 2

A4 \\

|
-20

Upper mask Lower mask

|
-30 |

-40

Amplitude Gain - dB

-50

|
-60

LIVARN

-80 ‘

-90
10t 102 103

10* 10°
Frequency - Hz
Produced by Cypher Instrument:

Note: When a mask is enabled, the logarithmic/linear axis view options are frozen in their current state.
This removes ambiguities that may result from subsequent changes to the axis view settings.
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Measuring Amplitude Response

To create a new graph, connect the C60 to the PC
using the USB lead. Connect the Device Under Test
(DUT) from the output BNC, into the input BNC. In the
following examples a passive low pass Elliptic filter is
used. This filter has a fast roll off slope and some very
interesting notches in its response. The following
illustration will apply equally to any filter that is used.
If there is no device connected, press F6. The
connection status can be seen on the Status bar.

Select new file from the menu bar or press the new
file icon from the tool bar. A dialogue box will appear
with a choice of two modes of operation; Amplitude
response or Impedance measurement. Select
Amplitude Vs Frequency and click OK.

Clutput Input

o Amplitude Vs Frequency

Output Input

" Impedance Vs

Frequency

A blank graph sheet will appear with a maximum range

of amplitude, phase and frequency values. All plots are

drawn inside this sheet. Tests can be performed inside

the area of the sheet, by limiting the frequency limits,

zooming and by turning off the phase portion of the

display.

Amplitude Gain - 8

Right click on the graph area and a context sensitive

menu will appear. Select Test Settings to get the

Settings dialogue box. Set the A B frequency range

and click the Apply button or press return. In this test,

a frequency range of 1kHz to 4MHz was selected. Do

not check the Use X axis extents box as this over rides
the Frequency boxes (it greys them out). The sweep
direction is B to A.

Tesk Settings
Graph View Options

Phase - Degrees

Add Tewxt
Set the number of test points using the slider. This is _ Phase
active even during a test. Amplitude

Mark. Daka Painks

Set the Idle Output Frequency. The choices are Off, Cut
User Defined in Hz and the Test Start frequency. Copy
An additional wait period can be introduced by setting Foom Extents

the Test period slider.

The test can now proceed. Click on the Start Test tool
(green arrow). A sine wave sweep of the DUT produces
Amplitude and Phase readings that are displayed on the

Expork
Properties

graph. In this example the data points are Marked, but these can be turned
on and off during a test. Also, Zoom and Undo Zoom are active during tests.

Dscillatar l Engineering ]

Frequency Range
Frequency & [Hz]
1000

Frequency B [Hz]

4000000

Options

[~ Use ¥ Az extents W Acguire Phaze

Mumber of tegt points
1024

Sweep from
™ AwB
f* Bloh

" Alternate

Idle Output Frequency

" Off ™ User Defined in Hz

(v TestStart

Test period [mS]
OmS
|

P

oK
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The Amplitude response graph reveals the rapid roll
off slope of an eighth order low pass elliptic filter.
This filter has four notches in the stop band, three
of which are visible. The amplitude response starts
at -7dB and falls into notches going down to -84dB.
The phase response is dramatic. An eighth order low
pass filter has lots of phase shift caused by the 8
poles. Also, each time the response passes through
a notch, the phase response does an abrupt 1800
reversal. This happens at zero amplitude which
makes measurement rather difficult. However, the
graph shows the phase response even at a notch,
with display wrap around at +1800. When the
signal level is very small, the phase detector is not
being driven by a sine wave, but by noise. In this
circumstance, the detector mechanism decides that
the phase is £900. As a rule of thumb, if the phase
is £900, then the input signal has disappeared!

Right click on the graph. A menu will appear. Select
Phase, then Off. The phase portion of the graph will
vanish, which doubles the display size of the
amplitude gain plot.

—_—

Test Settings \

araph Yiew Options ‘ \

Add Text

Phase 180 ‘
" 360

Amplitude p v

Mark Daka Points

Zuk

Copy

Zoom Extents Y V \

Phase - Degrees

Amplitude response 10kHz elliptic filter

17:42:40 Pen2 Pen3 Pend Pens Pen6 Pen7 Pen8 Peng Pen 10

Amplitude Gain - dB

™\

N\

\

02 00 10 10° 108
Frequency - Hz
Produced by Cypher Instrumen s

Amplitude response 10kHz elliptic filter

17:42:40 Pen2 Pen3 Pend Pens en 6 Pen7 Peng Peng Pen 10

E:{pl:lrt 10% 104 105 108
Properties Produced by msments
Again, right click on the graph and select Graph View :
Options, Display tab. The Amplitude view can be Graph View Options: Document 42 3
shown as Gain or Loss. Click the Loss dial. Pen  Disnlay | Ages | St | Mask
Amplitude view
f* LozzindB
" GainindB
Phase graph
(o Q[F (" 0-1800Degrees ¢ 0- 360 Degreez
Mizcelansous
[vw Mark Data Points [ Show test information
oK
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Amplitude response 10kHz elliptic filter

Now the graph shows Loss and not Gain. The graph has Do pep  tes  fee  ees  tes  pe o pes s pen

just been inverted. It used to be the fashion to display 1

frequency responses this way up in Germany and Japan.

For all we know, it still is! A \ /
v\

Use Graph View Options to return to a Gain display and

then select the Axes tab. Select the Linear Frequency
axis scale.

Amplitude Loss - dB.

Graph View Options: Document 42 g|

Fen ]Qisplay Aues lﬁtyle ]Mask]

Frequency axis scale Frequency axis dizplay limits
Lower: |-| 0 Set
" Logarithmic )
Upper:  |4000000 Set , _
Max Range | |
Amplitude response 10kHz elliptic filter
Amplitude scale limits Amplitude manual zcale limits Taza0_ Pez _ pens Pond Pens Pen6 __ Pon7 P8 Pons___ pant0
Lower: |10 Set
(™ Aubo zcale
= Upper:  |an Set N
F Manual tax Range |

oK

Amplitude Gain - dB.

Now the graph is plotted on a linear frequency axis from

10Hz to 4MHz. The 400KHz response only occupies 10%
of the graph paper. If the response had been a 4KHz

plot, then it would have only used 0.1% of the linear [\

graph range. This is 1.5 pixels on a PC display! The ——

graph would still exist, but on a linear axis it would not w %‘“%M

be visible. i e

0.05Mm 0om 0.ism 020M 0.25M 03om 0.35M 3
Frequency - Hz
Produced by Cypher Instruments
Amplitude response 10kHz elliptic filter

Point the cursor on the graph and drag a box around

17:42:40 Pen2 Pen3 Pend Pens Pen6 Pen7 Pen8 Pen9 Pen 10

the area of interest. The graph will be redrawn to reveal
the selected area. Generally, Gain versus Logarithmic

frequency is the best way to display test results. Many
natural systems have responses that are proportional to

frequency which result in straight line plots on a log/log

graph.

However, time delay responses such as comb filters are
best displayed on a linear frequency axis.

Amplitude Gain - dB

0.5M 1.0M 1.5M 20M 25m 3.0M 35M

Frequency - Hz
Produced by Cypher Instruments
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Return the view to a logarithmic frequency axis. On the
Settings dialogue box, click the Use X Axis extents box.
This allows the user to zoom into an area of interest and
to retest it. When this is happening, Frequency A & B are
greyed out.

The first two notches of the filter are quite interesting.
Click and drag a box around them. However, when the
graph zooms in, they don't seem that good. They don't
have enough data sample points to reveal the response
of the filter. Remember, lots of dots make good graphs,
but you are only allowed 1024 dots per plot. Also, lots
of dots takes lots of time.

The red pen was selected (by clicking on it) and a new
test performed (click on the green Tool Bar arrow). The
new test uses the X axis extents of the zoom window,
but the same number of test points as before. The
notches are tested with much finer frequency resolution.
Note that although the black plot suffers from poor
resolution due to under sampling, its data points fall on
the much finer plot of the red pen. This means that all
the data points are correct, irrespective of resolution.

Plots are limited to 1024 data points each. It is possible
to make a plot with 10240 data points. Break up the
frequency axis into 10 sections. Use a different pen for
each section and set all the pen colours to be the same.
Note; 10,240 test points will take a while.

Don't forget to save your graph, or it will be lost
forever.

& Settings

X
Dzcillator ] Enagineering l

Sweep from

" AtoB
i« Btah

| ™~ Alternate

Optiong
W Use 2 Avis extents ¥ Acguie Phaze

Amplitude response 10kHz elliptic filter

Pen3 Pend Pens Pen6 Pen7 Pen8 Pen9 Pen 10
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Obtaining optimum results

The input of the C60 is sensitive. It has a 1M ohm input impedance (at low frequencies) and a small signal
bandwidth of more than 10 MHz. A 2V peak to peak sine wave presented to the input is equivalent to 0dB
on the graph. Other signal level relationships are show below.

2Vpp = 0dB
200mVpp = -20dB
20mVpp = -40dB
2mVpp = -60dB
200puvpp = -80dB
100pvpp = -86dB

A 100uVpp sine wave is a very small signal. This is the smallest signal that the C60 can measure from a low
impedance source before the noise floor becomes dominant. Any unwanted signals that enter the input will
be misinterpreted by the unit. For example, mains hum, power supply switcher noise, radio interference,
magnetic fields, electrical and acoustic noise will all be faithfully interpreted as amplitude, phase and
impedance readings and plotted as such. The C60 is not capable of recognizing good signals from bad ones.
The user has to be careful to perform tests in a ‘quiet’ environment.

Some PCs have electrically noisy power supplies. If the C60 is powered from such a PC and it is used to test
another switcher-powered unit, then large switching currents can flow through the system. This can
introduce interfering spikes into the test signal which produce spurious results. Best results are obtained by
using an electrically floating, battery powered laptop PC. Even connecting a digital scope to the test
scenario, can inject digital interference into the readings.

Also, using USB hubs can introduce extra power supply noise into the test system. Other units connected to
the hub will add their own ‘noise’ currents into the ground wiring. For best results use a single USB
connection from the C60 to the PC that is controlling it.

Unscreened DUTSs can pick up electric, magnetic and electro magnetic interference. To avoid this, the C60
and the DUT should be placed inside a metal box. Connect the box to the C60 ‘ground’, and this will provide
a quiet environment to perform tests. Aluminium will stop mobile phone radio emissions from interfering
with the tests, but it will not stop magnetic fields emanating from electromagnetic devices. Steel (not
stainless) will attenuate magnetic fields. Sometimes, just a good ground plane under the C60 is sufficient. A
sheet of copper or aluminium connected to local mains earth via a big flat conductor, or the ground of the
C60, will provide a target for electric fields to collapse into and yet allow easy access for the operator.

Avoid big wire loops connected to the DUT. They look like inductors in the impedance test mode and act as
radio antennas which both transmit and receive.

Noise and vibration can introduce error signals into a C60 test. Everything seems to be micro phonic.
Ceramic capacitors are actually used as acoustic transducers, although they polarize them during
manufacture to increase their sensitivity. Coaxial cables are micro phonic. They make noise when they are
flexed, due to the tribo electric phenomena. They are used as a linear microphone to monitor road traffic
usage.

The C60 has an output attenuator with a 20dB range, available in 2.5dB steps. The output voltage can be
varied from 2Vpp to 200mVpp, although best results are obtained when the C60 is running at maximum
voltage. This might not be suitable for many amplitude test scenarios. For example a microphone amplifier
input may overload unless the input is very small. The solution to this problem is to use an external low
impedance attenuator.
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P -20dB Attenuator & T -40dB Attenuator %
BNC R1 200R R2 27R BNC BNC R1 200R R2 47R BNC
Vin Vout Vin Vout
R3 R3 R4
27R 5R1 5R1

The circuit shows a 20dB and a 40dB resistive attenuator. Use 1% wire ended metal film resistors, as these
are relatively non reactive. The attenuation is about 1% accurate and the output impedance is
approximately 50 ohms. Solder the components into a metal BNC adaptor box. Connect both BNC grounds
together with thick tinned copper wire. A signal level from 0dB to -60dB can be generated by introducing of
one of these attenuator boxes into the signal path, and by controlling the C60’s attenuator.

To C60 output BNC To DUT
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Measuring Impedance Response

To create a new graph, connect the C60 to the PC
using the USB lead. Connect the Device Under Test
(DUT) to the output BNC. The input BNC is not used
for impedance tests. In the first example a 150nF
capacitor in series with 10R is used as the DUT. If
there is no device connected press F6. The connection
status can be seen on the Status bar.

Select new file from the task bar or press the new file
icon from the tool bar. A dialogue box will appear with
a choice of two modes of operation; Amplitude
response or Impedance measurement. Select
Impedance Vs Frequency and click OK.

A blank graph sheet will appear with a maximum range
of impedance, phase and frequency values. All plots
are drawn inside this sheet. Tests can be performed
inside the area of the sheet, by limiting the frequency
limits, zooming and by turning off the phase portion of
the display.

Right click on the graph area and a context sensitive
menu will appear. Select Test Settings to get the
Settings dialogue box. Set the A B frequency range
and click the Apply button or press return. In this test,
a frequency range of 10Hz to 4000kHz was selected.
Do not check the Use X axis extents box as this
overrides the Frequency boxes (it greys them ouft). Set
the number of test points using the slider.

The test can now proceed. Click on the Start Test tool (green arrow). A
sine wave sweep of the DUT produces Impedance and Phase readings that
are displayed on the graph. In this example the data points are Marked,
but these can be turned on and off during a test. Also, Zoom and Undo

Zoom are active during tests.
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The Impedance response graph reveals the slow roll off
slope of capacitor in series with a resistor. The
impedance of a capacitor will fall by half for every
doubling of the drive frequency, until it equals the
resistor value. On a log/log graph this is a straight line
with a slope of -6dBZ/octave or -20dBZ/decade. That is,
one decade cycle of Impedance for every decade cycle of
Frequency on the graph. The Z plot goes flat at about 10
ohms. The plot then has a relatively constant slope,
which is typical for a simple reactive device. Also, testing
down to 10Hz takes a long time!

The phase plot shows the phase shift of the current
flowing through the DUT relative to the voltage across
the DUT. When the capacitor behaves like a capacitor,
the phase shift is -90°. The graph displays the magnitude
of the impedance and the phase shift as a function of
frequency. The graph represents the complex impedance
of the DUT.

Right click on the graph. A menu will appear. Select
Phase, then Off. The phase portion of the graph will
vanish, which doubles the display size of the Impedance
plot.

Again, right click on the graph and select Graph View
Options, Display tab. The Impedance view can be
displayed as Admittance, which is measured in Siemens.
Click the Admittance dial.
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Now the graph shows Admittance and not Impedance. The graph has just been inverted and the vertical

units changed.

Conversion of Impedance to Admittance

1 mOhm 1 KMho 1KS
1 Ohm 1 Mho 1S

1 KOhm 1 mMho 1mS
1 MOhm 1 uMho 1uS

Use Graph View Options to select the Axes tab, then

select the Linear Frequency axis scale.

Graph View Options: Document 44
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Now the graph is plotted on a linear frequency axis from 10Hz to 4MHz. All of the straight line slopes have

been lost. Physical phenomena are usually best displayed on a log/log graph.
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Next, go back to Impedance on a Logarithmic frequency axis. Click the Auto Scale dial. The graph is then
auto scaled vertically between the maximum and minimum impedance values (below, right). There are no
redundant vertical log decade cycles. This also operates in ‘real time’ when a test is being performed.

The Upper and Lower display limits can also be set by clicking the Manual dial. The values are then entered
numerically.
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System Limitations

As with any measurement system the C60 has its limits. It is important that the operator is aware of these
limits to aid accurate interpretation of the results. Because the C60 measures three parameters there are
limitations associated with these. In many cases they can be reduced or eliminated by making changes to
the test settings. Others are simply inherent limitations of which the user should be aware.

Harmonics

The sine wave generator contains harmonic, non-harmonic forms of distortion. The resultant waveform is
not a pure sine wave. The non-harmonic components are sometimes referred to as noise because of their
apparently random nature. These components can cause spurious peaks in the amplitude response of some
systems. The sum of the distortion is about 62dBs below the sine wave level. However, the C60 has a 90dB

dynamic range and can detect and plot low level distortion signals.
LCR 220uH 100nF 50R

Distortion products can also change amplitude response
graphs. A passive series LCR filter is tested in both its low
pass and high pass configurations. The two responses
(right) should be mirror images of each other. The high
pass response has a low level shelf at about minus

Pen 1 Pen 2 Pen 3 Pen 4 Pen 5 Pen 6 16:00:08  Pen 8 Pen 9 Pen 10

62dBs. This shelf is the sum of all the harmonic - / \
components and distortion products that are not - / \
attenuated by the high pass filter, but which are / \

generally removed by the low pass filter configuration.

Amplitude Gain - dB

Another manifestation of the sine wave distortion is £

shown in this low pass filter (right). When the response is / \
plotted with very fine resolution, there are some spikes in /

the stop band. These are low level, low frequency spurs y

that are produced by the sine wave generator. For
example, at 800KHz there is a 400Hz spur at a level of - .
72dB. This is inside the pass band of the low pass filter \
and appears as a reading 4dBs above the -81dB noise
floor. Zooming in reveals the fine detail (50Hz bandwidth)
of these low level spurs (below, left and right).

Hunting for non harmonic tones

8
Hunting for non harmonic tones Hunting for non harmonic tones
'
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Pha se detection Two transducer system

06:15:44 06:15:50 06:15:53 06:15:56 06:15:59 06:16:02 06:16:05 06:16:11 06:16:15 06:16:21

The next graph shows the amplitude and phase
response of a two transducer system. One transducer - /

is used as a transmitter, the other as the receiver. N

They are connected together by a resonant metal bar. : |—— / \\/
The combined electro mechanical system displays low

Q amplitude resonances and phase loops, all of which /

can be modified by external mechanical masses and
damping mechanisms. The phase is plotted using a
180° display range. The amplitude response has no ‘l——
overall slope but has many resonance peaks and \ / =
notches. This can result in the phase detection y/
electronics being presented with a greatly attenuated .
test sine wave to which many amplified harmonic
products are added. Under these poor conditions, the =
180° display range gives the best phase plot (right).

Amplitude Gain - dB

6109 7108 8108 9108 104
Frequency - Hz
Produced by Cypher Instruments.

When the phase is unwrapped to indicate a £180° range, the presence of distortion products makes itself
known (below). The sign detector, which does the unwrapping becomes confused and gives spurious results.
This is the same phase plot as the one above.

Two transducer system

Phase detectors have problems resolving the

transitions from +£0° and +180°. On the graph, the

i +180° transition is at the top and bottom of the

picture, which makes it ‘highly’ visible. The =*0°

w%[%m mu M MMMH transition is in the middle and so is less obvious. The
] TR 20KHz Elliptic low pass filter (below) demonstrates
: \X / the phase unwrapping in action. In the region from
18KHz to 40KHz there are several +180° phase

transitions. At this part of the graph, the phase is
v moving very rapidly and so the transitions through 0°

phase do not show any obvious aberrations. Slowly

passing through 0° phase will usually produce a kink

in the plot.
Elliptic filter modules
0
[a]
V T 20 \
6"10° 7100 810 .E \
Frequency - Hz @©
Pt e . S a0 X
At about 2.3MHz, the signal level is very small & Y
(-80dB) and the phase and sign detectors 2 -60
produce big errors. The signal to noise ratio is & \N
terrible and the bandwidth requirements of the < -80
phase detector circuit are enormous. The phase
plot under these conditions looks dubious. 2 100
2 o
@ \ N
g -100 ~— | M
o \Y
102 103 104 105 106

Frequency - Hz
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Another filter plot shows what happens to the 8KHz LC filter module circa 1980
phase detector when the signal level is very
small. An 8KHz low pass filter module, which
was built 25 years ago, still shows a good W

amplitude roll off (right). The phase detector % -20
does a couple of complete rotations before the £

signal is completely lost. The phase just seems & -40
to explode into a ‘fuzzy’ plot. Several plots are %3’

shown on the graph. 2 60
£

-80

150

100

50

-50
-100 \
-150

102 108 104 108

Frequency - Hz
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Phase accuracy

The phase accuracy is difficult to specify. It varies with test frequency, test level, signal attenuation in the
DUT, interference and the frequency response of the DUT. Also, the sign detector that unwraps the phase,
can find it difficult to perform well under all circumstances. The following two graphs exercise the phase
detection system to reveal the operational accuracy.

In the first test, the C60 drives an LC low pass filter at 9 different signal levels. This will reveal any phase
deviations that are associated with the variable test levels emanating from the C60. The amplitude graph
shows 9 plots that track each other with a 2.5dB separation. Above 1MHz, the plots are compressed into the

system noise floor. The phase plots track each
other over a wide range. At 1MHz, the returned
signal levels vary from -62dB to -82dB. These
are very small signals and so the phase
detector plots start to spread out. The signal
levels at this frequency are 2mVpp to 200uVpp.
These are not very useable signal levels. There
is some phase information contained in the
signal, but it is dominated by noise.

At the low frequency end, where the signal
amplitudes are large, the phase deviates over a
3.6° range.

The phase detectors are calibrated at
maximum signal level. If the signal is then
subsequently attenuated, then the calibration is
not valid.

The next test drives the output into the input
via an external low impedance attenuator. This
will reveal the phase deviation with respect to
frequency, for 9 signal levels. Up until 1MHz,
the phase deviation is below 3.0% for signals
as small as -60dB. At -70dB, the error is 5.3%
and at -80dB it meanders around from 25% to
10%. At -80dB, the signal level is 200uVpp,
which is just about the Ilimit of the phase
detector. At this level, the phase results are
very inaccurate. The amplitude detector has a
larger dynamic range than the phase detector,
so when the two are plotted on a graph, the
phase response comes a ‘poor second’.

Another aspect of the phase plot is resolution.
When the input signal has a good S/N ratio,
the best resolution of the phase detector is
0.044°. This fine detail sometimes can be seen
on the phase tails of first order filters. This is
useful for revealing phase movements, but the
absolute phase accuracy is much worse.
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Dynamic range

The C60 generates a maximum signal level of 2Vpp. This is the 0dB reference level on the Amplitude graph.
For example a 200mVpp signal presented to the input of the C60 would produce a -20dB plot. Signals larger
than 2Vpp can be presented to the C60. The input protection circuit causes signal compression (graph
below). The green plot is the output of the C60 fed into a 10kHz high pass filter. This was then given +20dB

of gain by an external amplifier and then
fed back into C60, producing the input plot
(red). The difference between the two plots
is the input compression of the C60. When
the input level is +5.0dB, the compression
is about 0.5dB. For larger signals, the
compression is correspondingly larger.

The input level limit for signal compression
of less than 0.5dB is +5.0dB, which is a
level of 3.5Vpp.

The input noise floor of the C60
determines the lower level for operation.
A frequency response test, with the input
of the C60 open circuited and then
shorted, reveals both of these levels. The
black plot is the open circuit (1Mohm)
response. It is a true frequency response,
because the unit has various internal
cross talk paths that were painfully
flattened out. Reducing the input
impedance from 1Mohm, rapidly reduces
the noise floor value. The minimum noise
floor is obtained from a very low
impedance input source, in this case a
short circuit (brown). Also shown are
noise floors for 10K (orange) and 1KO
(red) input source resistance.

The amplitude dynamic range of the C60
extends from +5dB to -87dB, although
great care has to be taken to obtain this
in an actual test scenario. A signal level of
-87dB on this scale is 89uVpp, which is
very small!
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Time smearing

If tests are performed too rapidly, then the test signals may not be fully stable when they are converted into
data. This results in time smeared plots. The phase detector has a time constant that is much longer than
that of the amplitude detector and so phase is more sensitive to smearing. When performing a test, look at
the graph and adjust the controls so that the phase plot is free of this effect.

Test speed is defined as the ratio change in frequency per data point. For example; testing from 10Hz to
1MHz (100,000 to 1) with 25 test points gives a 58.4% change per step (25" root of 10° = 1.584). This is a
very large incremental change and is considered to be fast. Changing the test frequency by one point could
cause a large phase or amplitude change in the DUT. These signals would take some time to reach new
stable values. If they are read when they are still moving, then time smearing will happen. However, if 1024
test points are used over the same frequency range, the incremental change is only 1.1%. This is much
slower, with much smaller changes in the data values.

A high pass filter was tested from HP filter phase errors due to speed

100Hz to 1MHz.using insufficient
frequency points The phase loop
shows signs of time smearing. The

test frequency changes too rapidly %0

so that the phase signal has not - :

enough time to settle. When the
test is redone using the maximum  -100 e
number of points, the graph is a \\\
consistent smooth curve. "
For best results use at least 250 \ %\
data points, and set the oscillator 3. \*

idle frequency to Test Start. Fewer \
data points with a long Test period ;
could be used to allow the signals 4
to settle, but more data points has

the same effect and better

N
=}

Phase - Degrees

e
S
\

140

resolution. ’ \\\ /
If the Repeat mode is being used, 5 3

then use the Alternate A B § /
frequency selection. This avoids a j/

large frequency step during the  -160
'fly back’, which can introduce big
transients into the system.
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Impedance boundaries

Just like the amplitude measurements, the impedance range is limited by physical constraints. The output
BNC and associated electronics has some unwanted properties. The ideal scenario would be that the output
section of the C60 had no parasitic series resistance, capacitance and inductance, no parallel resistance and
the electronics had no noise floor. Well, it's got all of these. The parasitic resistance and noise floors limit the
low frequency minimum and maximum impedance measurements. At high frequencies, parasitic inductance
increases the apparent impedance and conversely, parasitic capacitance decreases the apparent impedance.
Also, the parasitic L and C components form resonant circuits with the test DUT’s C and L components.

The C60 is small enough to be placed physically close to the DUT. In fact, it is important that tests are
performed as close as possible to the C60. The output BNC connector has an resistance of approximately 5
milliohms when brand new (so take good care of it). If test leads are used, then they will add to the
measured impedance. As a rule of thumb, one inch of ‘straight’ wire in air has an inductance of about 20nH.
Cables with two conductors have capacitance between them of the order of 100pF per meter. The value
depends on the cable construction. Cables also have series resistance. Connectors and test fixtures have
parasitic capacitance and inductance. Great care must be taken when measuring impedance, otherwise you
can end up with misleading plots.

Some impedance analysers use a four terminal method of driving the DUT. The DUT is driven by two
voltages, V-High and V-Low. Then, two terminals are used to measure the voltage difference across the
DUT, C-High and C-Low. The ‘C’ refers to the Current terminals that you would get on a four terminal
‘current sensing’ resistor. By using this method, the parasitic components of the analyzer can be largely
removed from the test by making the measurements at the DUT terminals. This is at the expense of having
four cables connected to the DUT and extra reactive components in the system.

The C60 has a stray inductance of 23nH and a stray capacitance of 33pF. These reactive components will
resonate with any counterparts that they are connected to. Also, they form part of the maximum and
minimum impedance measurement boundaries.

The C60 impedance performance was tested (below). With an open circuit, the C60 reaches a maximum
reading of 450K. This is the upper boundary of the unit set by internal noise floors of the electronics. The
upper boundary is a compressing limit. A 330K resistor reads 271K, an error of about 18%. A 220K resistor
reads 196K, an error of about 11%. Lower resistor values have virtually no significant error. The upper
boundary was measured using the maximum output signal level. If the signal level is reduced by 20dBs,
then the point at which the noise floor equals the signal is also reduced by the same amount. Lowering the
signal level, lowers the maximum impedance readings.

The lower impedance boundary is limited by the C60’s output resistance and inductance. This is nominally a
10 milli Ohm resistive boundary at low frequencies. The output inductance causes the high frequency
impedance lift. The slight droop at 20Hz/0.01 Ohms is caused by measurement errors in the C60.
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The measured low frequency impedance boundary range (below) is 457k to 0.01R. This is a continuous
dynamic range of 45,700,000 to 1 (153dBs).

Impedance limits & accuracy
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Impedance accuracy

When an impedance test is performed on a single reactive component, the theoretical slope should be a
straight line with a slope of £6dB;/octave. In the C60, the electronics that measures impedance has a small
cyclic deviation from a straight line performance. This results in an undulating error when measuring

impedance.

A 220upH inductor was tested with 9
signal levels from 0dB to -20dB. The
resulting graph (right), shows a slight
variation in the plot width. Ideally this
graph should be 9 plots, all having
exactly the same data points. However,
the variable signal level reveals the
errors in the detection system. The
detector operates continuously over a 7
decade range and so some
compromises are bound be
expected.

to

When we zoom into a small area of the
graph, the errors become more
visible. The impedance plot shows the
cyclic nature of the deviation. At
60kHz the deviation is almost zero. At
about 120kHz, the deviation reaches a
maximum with a £4.5% error.

This phenomenon can be seen on
inductor, capacitor and tuned circuit
networks. With only one plot, it
manifests itself as a slight undulation
along the slope. When the network is
tested at a variety of drive levels, the
deviation is more visible.
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Applications Notes

Filter responses

Some continuous time filters were tested (below). These filters have digitally selectable cut off frequencies.

Low pass 4th order
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The 4th order low pass filter has a pass band gain of
+7dB, and a noise floor at -71dB, giving it a dynamic
range of at least 78dB.

The high pass filters have a low frequency shelf at about -
60/62dB. This is caused by the quantization noise of the
digital sine wave generator.

The 8th order low pass filter shows a much more dramatic
roll off slope than the previous graphs. The noise floor is
shown at about -76/78dB. Some of the high frequency
spikes in the stop band are low frequency spurs from the
sine wave generator that are passed by the filter. They
reveal the performance of the sine wave and not the filter.

The graphs on this page were exported as meta files with
a portrait aspect ratio, to match that of the paper.
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A voltage controlled state variable filter with a *100 to 1’ control range was tested (below). This filter has
simultaneous low pass, high pass and band pass outputs. By mixing HP and LP outputs, a range of notch
responses is generated. This filter has a continuously variable tuning range from 19KHZ to1.5MHz.

Voltage controlled filter LP 19KHz - 1.5MHz Voltage controlled filter HP 19KHz - 1.5MHz
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Ceramic resonators

455KHz resonator, complex impedance

Ceramic resonators are used in
electronic circuits to generate tuned
oscillators. They are not as accurate
or stable as quartz crystal
oscillators, but they are small and
inexpensive. Their resonance
modes are determined by surface
acoustic time delays.
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=
=)
e

T

A 455KHz resonator was tested 102
(right). It exhibits many resonance
modes, including a major dip and
peak at about 455KHz. The device
has the general impedance slope of
a capacitor and produces a -90°
phase shift for most of the i
frequency range. However, at
resonant frequencies the phase 0 |

150

shift moves towards +90°. The
resonance at 455KHz shows a
classic phase loop. 0 |
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455KHz resonator, complex impedance
The resonator was retested from

420KHz to 480KHz. The phase loop ,
is revealed in much greater detail,

showing a +90° range. Note also,

that the impedance changes from 5
ohms to 20,000 ohmes. /
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Ultrasonic transducers

A 40KHz ultra sonic air transducer has a very interesting impedance response. The device is constructed
from a circular diaphragm that is riddled with dramatic resonance modes. The transducer was tested from
20KHz to 500KHz. Over this range, the impedance varies from 200 ohms to 5K. When zoomed in, there is a
classic impedance curve (a series resonance followed by a parallel resonance ) at 40KHz. But there is not

just one, there are also many others.

C:\proj er\Plots! i gzd

C:\proj er\Plots! i gzd

Pons Pen 6 Pon 7 143122 14:3348

on 5 Pen Pon 7 143122 14:3348 Pon2 Pen3 Pon4

101 102 08 0¢ 07 108 2100 4101 6104 810+ 108 2105 4105
Frequency - Hz

Produced by Cypher Instruments Produced by Cypher Instruments

There is @ major resonance at about 270KHz. Zooming in on this, we can see that there seems to be another
small resonance in between the minimum and maximum impedance. However, there are not enough sample
points in the plot to clearly reveal the response of the device. The transducer was retested using the ‘Use X
axis extents’ facility. The plot now has many points, enough to show the smaller resonance in finer detail.
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Again, the ‘Use X axis extents’ facility is used to further zoom in and retest the response of the transducer.
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Now the response is starting to look rather crunchy and ragged. This plot is now showing the noise floor and
quantization gremlins of the test system. Further zooming in will reveal more about the electronics of the
C60 than the response of the transducer.
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Acoustic transducers

A more common acoustic transducer is the humble
loud speaker. Probably there are more of these on
this planet than there are people. The nearest one to
hand, with a cable attached is my '8 ohm studio
monitor with 2 speakers, a cross over and a passive
treble control.

The impedance varies from 4.5 ohms to 35 ohms.
Also, the high end impedance varies as the passive
tone control is adjusted. The impedance & phase
plots reveal the horrors of driving reactive power
loads. The phase shift is between +50°, which is
moderately dramatic. Imagine if it were +£90° This
would mean that for certain frequencies the current
phase would be orthogonal to the voltage phase. Put
another way, the power amplifier driving this load
would have to deliver peak current when its output
voltage was zero volts. I have trouble imagining this.
Also, this peak current is extracted at the amplifier's
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Some more impedance plots are shown below. Two head phones were tested, revealing the usual low
frequency peak. Also, a microphone with a three position passive tone switch, used to select different audio
responses. Both are electro acoustic transducers and their roles can be reversed. A microphone can be used
as a speaker and visa versa. This is common practice in ultrasonic pulse echo systems.

Remember that when testing acoustic devices, noise in the test room is turned into electrical energy. This is
an interfering signal, just as much as magnetic and electric interference is to electrical circuits. The C60 does
not know what it is doing. It treats all signals as the truth.

The two graphs were ‘tiled’ and screen captured, so their shape is not the usual square aspect ratio
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Simple reactive components —L CR

Capacitors and inductors have a reactance that varies with frequency. They also suffer from parasitic effects
that degrade their theoretical performance. Inductance and capacitance store magnetic and electric energy
respectively. When these two combine they form resonant circuits.

The following tests were performed on capacitors and inductors with axial leads. These leads add parasitic
inductance and resistance to the part being tested.

Eight different capacitors were examined. The yellow trace is a 100pF ceramic capacitor. The subsequent
values are 1nF (brown), 10nF (black), 100nF (red), 1uF (orange), all plastic film. Then, a 10uF (blue),
tantalum bead. Next, a 100uF (mauve), regular electrolytic can type. Last, a 470uF capacitor (grey), a low
impedance electrolytic can device.
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The 1uF and 100nF capacitors show resonances at 1MHz and 2.7MHz. This is a mixture of self resonance
and the parasitic inductance in the test setup. The complex impedance graph reveals the capacitive, resistive
and inductive portions of the DUT response. A capacitor has a -90° V/I phase shift. An inductor has a +90°
V/I phase shift.

The plots show that ceramic and plastic film capacitors with wire leads and other forms of stray inductance,
will form series impedance resonators. At frequencies past this resonance, they ‘look’ inductive, which is
displayed by the phase jump. They have a rising impedance plot and a current phase reversal. To avoid
resonances with capacitors, use surface mount parts (no leads), use short thick tracks and use a ground
plane (the parasitic inductance is proportional to the loop area of the conduction return path). A ground
plane will reduce stray inductance, but will increase stray capacitance, which is another problem. Also, to
reduce stray capacitance, make tracks as small as possible, break up or cut out parts of the ground plane
under these tracks or use a ceramic board or a board with low dielectric value. Ordinary fibre glass (FR4)
has a value of 4; that is it is 4 times better than a vacuum at making capacitors. FR1 dielectric has a value of
1. To reduce both L and C parasitics, make everything as small as possible.

The 10uF tantalum capacitor has a characteristic flat response. For much of the response, its impedance
curve is better than the 100uF electrolytic capacitor. The low impedance 470uF capacitor has, as its name
suggests, the lowest impedance response, making it ideal for the bulk of a power supply reservoir. At high
frequencies, the stray inductance causes a rising impedance plot.
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Capacitors have other parameters to consider. They have temperature coefficients. The Y5V ceramic
dielectric has an enormous coefficient, where as COG and NPO are really quite stable. Some capacitors
change value with applied DC voltage. They also have a parameter called ESR, Equivalent Series Resistance,
which may cause overheating and explosive rupture when used to filter or couple power; see the 100uF
electrolytic.

Five inductors with the same value (10uH) printed on them were tested by the C60. The results show that
they all have the same basic response at high frequencies, but not at low frequencies. The low end
impedance varies by about 50:1. This is a caused by different winding resistances used in the construction
of the inductors. Magnetic materials also have their own frequency response, quite apart from the definition
of reactance for an inductor { X, =27zfL }, which assumes that the value of the inductor is invariant with
respect to frequency. For example, soft iron works well at low frequencies. However, ferrites are produced
for selected high frequency operation.

Five inductors with 10uH marking
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The phase shift is +90° when the impedance is dominated by the inductive reactance. When the winding
resistance becomes significant, the phase shift tends to zero.

Eventually, all inductors will self resonate or resonate with external parasitic capacitance. Five inductors,
1uH, 10uH, 100uH, 1mH and 10mH were tested (below). Their impedance plots show low frequency
shelving caused the winding resistance. This is an important consideration if they are to be used as passive
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power filters. The power dissipated by the resistance defines the maximum safe current allowed through the
part. Their inductance may also vary with DC bias current.

Inductors
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At high frequency, resonance occurs. Any stray capacitance forms a parallel LC resonator which causes an
impedance peak. It also causes a phase reversal. This is called the self resonant frequency of an inductor.
Past this frequency, it has the characteristics of a capacitor. At this frequency it behaves like a parallel
resonator. Even below this frequency it doesnt behave much like a pure inductor. In this example, the
inductors are ‘inductive’ over a three to four decade range. If you want to use an inductor in a tuned circuit,
be certain that the self resonant frequency (SFR) of the inductor is much higher than that of the circuit.
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In the previous text, ‘pure’ inductors and capacitors turned out to be less than perfect. Their parasitic
components produced self resonance. Below are examples of intentionally tuned circuits which are
constructed from discrete inductors and capacitors. In the example, a 10nF capacitor and a 10uH inductor
are used to construct resonant circuits. The downward sloping line (green) is the impedance plot of the 10nF
capacitor. The rising slope (brown), is that of the 10uH inductor.

Inductors and capacitors
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When the two components are wired in parallel (red), the impedance has a peak response at resonance.
When the two components are wires in series (blue), the impedance has a minimum response at resonance.
The phase plots indicate the transition through resonance. The resonant frequency happens at the
intersection of the L and C impedance plots. That is, when |Z. |= |Zc|, resonance will occur.

These plots look like amplitude response graphs. They have the same general characteristics, such as
20dB/decade slopes, but they are representations of what is happening in the impedance domain.
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Battery impedance

There are many types of battery. Some have relatively flat output voltage discharge curves, others have
large variations. Some are rechargeable, others not. Some self discharge with enthusiasm, others have a
good shelf life. They all suffer from similar problems. Their output voltage drops with discharge. Also their
internal impedance increases with discharge and with the number of times they have been recharged.

To date, there does not seem to be a reliable method of measuring the energy stored in a battery or the
available time left before the electrical demand collapses the power supply. Electronic gas gauges, so called
because they emulate the gasoline tank in a car, try to measure the charge in the battery as if it were a
‘liquid’. Coulombs (the liquid) are counted in and they are counted out. In this way, a gas gauge is
constructed. However, internal battery self discharge (a leak), defeats the measurement system. The battery
is overfilled on charge, which usually gives a 50% error on start up. Also, as the battery capacity reduces
with recharge cycles, it becomes more difficult to predict how much charge is left at any point in time. Even
if the gas gauge actually worked, it does not measure output impedance. The gas gauge could say, ‘there is
40% capacity left in the batteries’. However, the output impedance might have increased by a factor of 10.
If a high current demand happens, such as the charging up of a photo flash circuit, then the battery voltage
will suddenly dip causing a micro controller reset. It happens all the time. You go to take a digital photo, you
press the shutter switch and the camera turns itself off. Wonderful!

A pair of Nickel Metal Hydride Battery Impedance; two Ni-MH AA cells

rechargeable AA cells was tested
for impedance. They were
connected to the C60 via a 1000pF
low Z capacitor. This stops any DC
current from entering the C60 and

overheating it. The lower (black) —_— e

100uF/71mR Pen 2 Charged battery Pen 4 Pen 5

Pen 6 Used battery Pen 8 Pen 9 Pen 10

plot is the impedance of the
capacitor on its own. It claims to
have an ESR of 70mR at 100KHz.
The plot indicates 90mR, but also ;5| &

S

includes the screw terminal
adaptor, the C60 output inductance
and the wire leads of the capacitor.
This plot shows the errors caused
by the capacitor coupling. The
impedance increases at low
frequencies because of the
capacitor and increases at high
frequencies because of the stray
inductance of the test fixture.

Modulus of Impedance - Ohms

The middle plot (red) is a freshly
recharged pair of batteries. At
10KHz, the internal impedance is
0.4R. A 1 Amp current surge will
cause the voltage to dip by 400mV. 1 Frequarry - Hz 1 10°
The top plot (blue) is a pair of the Produced by Cypher Instruments

same type of batteries that had powered a digital camera for 50 shots. The internal impedance at 10KHz is
3.5R. A 1 Amp current surge will cause the voltage to dip by 3.5V. Testing the battery impedance is another

tool that can be used to monitor battery quality.
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Characteristic impedance — Cables

Put two or more insulated conductors together in a long cable and a characteristic impedance is formed
between them. This is because they virtually occupy the same physical space and so have mutual
capacitance and inductance.

This impedance is defined by; Zc =+/L/C , where Zcis the characteristic impedance of the cable and

L & C are the lumped inductance and capacitance per unit length of the cable. As we don't have values for
either of these, the formula is only useful to cable designers who have control over the physics of the
design. There are two methods of finding out the characteristic impedance of a cable. One; it is written on
the cable drum and sometimes on the cable. Two; if that is too easy for you, then you can measure it.

Method

Take the cable and strip the insulation at both ends. Connect one end of the cable (two wires) to the C60.
Measure the impedance with the far end of the cable open circuit and then repeat with a short circuit. A reel
of less than 100 meters of RG179PE was tested (below). The open circuit Z (blue) is large at low
frequencies; the short circuit Z (mauve) is equal to the DC resistance of the cable loop.

The cable impedance at high frequencies is defined as; Zc| = \/|Zopen| X |Zsh0rt| .

Using the graph below; at high frequency, take a value for the open and shorted impedance, multiply and
square root to obtain a value for the characteristic impedance. At three increasing frequencies, values of
75.4R, 74.2R and 73.9R were calculated. The RG179PE is specified at 75R £ 3R. The characteristic
impedance can be obtained without mathematics; it is the value at the intersection of these two plots.

RG179PE cable impedance

RG179 o/c 100m RG179 s/c 100m
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Modulus of Impedance - Ohms

Note that the graph uses a linear Frequency axis. The cable is about 100 meters long and time domain
effects can be seen (the wave length in the cable). The RG179PE is a small diameter, general purpose
screened coaxial cable. The screen and the inner conductor form the characteristic impedance.
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The next cable to be tested has been designed to connect USB-1 devices together. USB-1 uses data rates of
12 Mbits per second. It is important that the data wires in this cable bundle have a well specified
characteristic impedance. Electronic transmitters differentially drive the cable with a known drive resistance
and the receivers also have a known termination resistance. In this way, data waveform shapes are well
preserved, leading to minimal data errors. The USB cable bundle has two data wires that are twisted
together, a pair of power wires that are not twisted and an overall screen. The cable was designed to send
and receive data, to power peripheral devices and to be flexible by virtue of using multi-strand conductors
(unlike most Ethernet plumbing). The graph shows the impedance plots of the data pair for a 200m reel of
cable (black and brown) and a 4m length (red and orange). The screen and power wires were left floating
for this test. The USB standard says that the cable length shall not exceed 5m because of transmitter and
wavelength limitations.

USB cable impedance
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Again, a linear frequency axis reveals the regular time domain variations in the 200m cable. It looks like all
four plots are aiming for the same final value. At any frequency, take a value for the open and shorted
impedance, multiply and square root to obtain a value for the characteristic impedance. This gives values of
102R to 97.2R for the 200m length, and 95R for the 4m length. The USB specification for cable impedance is
90R + 15%.
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Measuring delay times — Cables

The signal propagation delay time of a 100m drum of coaxial cable was tested (below). One end of the cable
was driven via an external amplifier. The far end of the cable was resistively terminated by 75R. The output
of the C60 and the far end of the cable were resistively mixed together and fed into the input of the C60.
The resultant linear frequency response shows a cosine comb filter response (black). This is caused by the
differential time delay of the two signal paths. The red plot shows the cable on its own. It has high
frequency losses that cause the notch depth to diminish with frequency. The first notch is at 828KHz. This is
when the time delay is half a wavelength. A sine wave of 828KHz has a wave length of about 1.2uS, so half
a wavelength is 600nS. That means that the signal took 600nS to travel the 100m cable length. Therefore,
the velocity down the cable is given by V=D/T, which is V=100m/600nS. This is 166km/S, which is slower
than the velocity of light at 300km/S. For a cosine comb response, further notches occur at 3F, 5F, etc.

Both phase responses are shown on one graph by using a cut and paste process. The middle plot (red)
shows a triangle response. This is the phase response of a constant time delay. When this response is
unwrapped to show +180° (lower plot), the response is a ramp waveform. Phase errors are now more
visible at the zero crossing and at the extremes. Note, the data was acquired with the Linear mode selected,
so the points are linearly spaced.

Coaxial cable, 100m long
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Digital audio devices

A digital audio device was driven by the C60. The signal was converted by an ADC into a 24 bit digital data
stream and then reconverted back into an analogue signal with a DAC. This loop back test reveals some of
the perils of high quality digital audio systems. Both conversion processes send the data through long
transversal digital filters that shape the signal and noise spectrums and also recovery the analogue signal.
This filtering takes time to process the signals, in this case 3.1 milliseconds. The input signal was resistively
mixed with the non-inverted delayed signal. If the two signals have the same amplitude, then a cosine comb

together they cancel each other
out, producing a notch in the
frequency response. So, the delay .,
time of the unit is 6.2/2 = 3.1mSec.

response is produced. At 161Hz on Digital Audio latency (21/3380) / 2 = 3.1065mS

the graph, the first notch appears. CYPnerGreph VOTE-158 COOOSDAXDIGE V0771148

A frequency of 161Hz has a period ™\ P P S~
of 6.2mS. However, a delay of half " \\ / \ /

of 6.2mS will produce a delayed \ \ / \/

sine wave output that is in anti = "i { ‘l '] "1 ;’

phase with the input signal. When %'” ” H ”

these two signals are added 3 s u U

-50

The notches repeat every 322Hz.
There are 62 of them going all the
way up 20KHz. This is a nightmare
for the audio industry. Imagine
sending a signal off to a digital N k\
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quality to it, caused by the
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The phase response is the classic saw tooth shape. At OHz, the input and output are in phase with each
other, and so the phase shift is zero. As the frequency increases, the phase swings linearly towards -90°,
and then flips around by 180° (at the zero) and continues to ramp downwards. The phase detector and the
sign detector are operating in near ideal conditions. The signals are low frequency (20KHz max) and large
(2Vpp). Compare this with a 2MHz sine wave at -60dB. The frequency is 100 times faster and the signal is
1/1000%" of the level.
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Transformer — Transmission

Isolation transformers are often used to couple signals from one part of a circuit to another. There is no
conducting electrical connection from one side to the other, which is useful when galvanic isolation is needed
to provide an electrical safety barrier. Barrier voltages of several thousand volts are easily obtained with slit
bobbins or tape layers. Transformers can be used to provide balanced inputs or outputs, which are
sometimes referred to as ‘floating’ or ‘differential connections’. These transformers pass differential signals,
but block common mode signals, which tend to be interfering signals. To be well balanced, a transformer
would need to be symmetrically constructed, which is physically difficult. Signals are magnetically coupled
from the input windings to the output windings. If the input/output winding ratio is less than unity, then the
transformer will provide a voltage gain. The transformer seems to be an engineering miracle, but does it
have any drawbacks?

The amplitude response of a transformer with a 1:2 and 1:4 ratio was tested (below). The transformer has a
‘band pass’ response. It has a high pass section, a flat pass band that extends for about two decades and
then a sharp cut off. This is a typical transformer response. It is very difficult to make a transformer with a
wide frequency response and a flat pass band. This part was designed to operate from 40KHz to 120KHz
which is the relatively flat part of the response. The plots show the amplitude gains of +6dB and +12dBs
(less a 10dB output attenuation from the C60).

The common mode rejection ratio [CMRR] was also tested (red plot). All the input terminals were connected
together and driven by the C60’s output. The signal at the output shows a dramatic rise in amplitude, which
suggests that this transformer has a poor CMRR at high frequencies. There is no copper screen between the
windings in this transformer design. If there had been an earthed screen, then the CMRR would have been
greatly improved.

Transformer with 1:2 and 1:4 ratios. Output attenuation = -10dB.
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Transformer — Reflected Impedance

A transformer can be used to provide a voltage gain. The transformer in the test below has two winding
ratios of 1:2 and 1:4. If it is driven with a 1Vpp signal, then 2Vpp and 4Vpp can be obtained at the output. It
is a passive voltage amplifier, with no power gain. The input side of the transformer ‘sees’ the load on the
output through the transformer windings. If the output voltage across the load has doubled, then the output
current into the load will double. The load impedance ‘seen’ at the input has increased with the square of
the turns ratio. The word ‘load’ can be misleading. If the load was resistive, then increasing the load is to
reduce the resistance. So, if you drive a resistor through a transformer with a voltage gain (N), the
resistance ‘seen’ at the driving side is reduced by N2. The voltage gain (N) is also the turns ration. For N=2,
the load quadruples. For N=4, the load increases by a factor of sixteen. This is also true for reactive loads
such as capacitors and inductors.

The input impedance of the transformer was examined. With the outputs open circuited, the transformer
shows a very peaky self resonance. With a 1KO resistor across the X2 output, the load is 1K0/4 = 250R. With
a 1KO resistor across the X4 output, the load is 1K0/16 = 62.5R. If the transformer had a X10 output, the
load would be 1K0/100 = 10R.

Transformer Reflected Impedance

No lead 1:2 1k0 = 250R 1:2 1k0 = 62.5R 1:4

10‘: 1

104

103

Modulus of Impedance - Ohms

102 103 104 10° 106
Frequency - Hz
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Appendix A

Amplitude responses and phase shifts in simple electrical circuits

There is not total agreement on the definition of phase shift in books, filter programs and web sites. Many
sources get the phase sign, filter equations and graphical response wrong! This appendix should help resolve
the confusion.

A first order RC low pass filter has a steady state phase lag when driven by a sine wave. This phase lag is
represented by a negative phase value. At low frequencies, the input and output signals are almost in phase,
approaching 90° at high frequencies. The amplitude and phase equations for a first order RC low pass filter
are shown below. With component values of R1=1 and C1=1, the filter has break frequency (-3dB point) of
1 radian per second.

First order low pass response

R1

The amplitude response, Vout/Vin is referred to as A. Vi”HVVT vl
1

A =————, where wis the test frequency. o1
V1+ »* RC lowpass filter

This can be expressed in dBs of loss.

1
A = zo.logm[—]
Vi+ o

The phase shift measured from Vin to Vout is referred to as ¢ .

dB

¢ =—tan"' @, where tan"' indicates the arctan function.

A first order RC high pass filter has a steady state phase lead when driven by a sine wave. This phase lead is
represented by a positive phase value. This lead is actually an extra long lag. Time travel has not happened!
At high frequencies, the input and output signals are almost in phase, approaching 90° at low frequencies.
The amplitude and phase equations for a first order RC high pass filter are shown below. The filter has break
frequency (-3dB point) of 1 radian per second (1/[R1C1]).

First order high pass response

The amplitude response, Vout/Vin is referred to as A. C1

Vin Vout
w ~—|
A =————, where wis the test frequency.
V1+o®
This can be expressed in dBs of loss.

1)
Ay = 20.10g10[—}
i+ o’

The phase shift measured from Vin to Vout is referred to as ¢ .

R1

RC highpass filter
dB

a1 _
¢ =+tan' —, where tan"' indicates the arctan function.
o
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The top section of the graph is the measured amplitude response of a single pole (first order) high pass filter
(red) and a single pole low pass filter (blue). The bottom graph is the phase response of the high pass filter
and the low pass filter.

C:\projects\Cypher\Plots\LPHP_one_pole.gad

Pen 1 Pen 2 12:28:09 Pen 4 Pen 5 Pen 6 12:26:48 Pen 8 Pen 9 Pen 10
5
0 B il
-5 f.”,’ \
mn -10
° ,_,.J"' "\\
.% -15 -./'
O
Q
g -20 g
<E( - Jl".‘.’ \
30 l'.‘/ \\
-35 -'/’r
-40
150
100
n 50 %
(0]
(0]
g \
(]
2 0
&
2
& 50 M
-100
-150

102 103 104 105 106
Frequency - Hz
Produced by Cypher Instruments

On the next page are the calculated responses of first and second order high and low pass filters.
Butterworth designs were used for this simulation. The Butterworth filter is called maximally flat because it
has no overshoot in the ‘Amplitude’ frequency response. Other filter designs trade pass band flatness for
stop band attenuation. These show up in the phase response, group delay and step response. For best wave
shape preservation, use a Bessel filter. This has a ‘flat’ group delay, but poor roll off response. The
Butterworth filter has a better initial roll off slope at the expense of over shoot to a step drive. The poles of a
high order Butterworth filter are all at the same frequency, only the Q factors are different. For faster roll off
slopes, Chebyshev filters trade pass band ripple, wild phase responses and time domain ringing for rapid
initial roll off slopes. Even faster roll offs can be obtained with Cauer or Elliptic filters. These use stop band
zeros that cause the output signal to disappear into notches that are situated along the frequency axis. A
signal passing through a zero suffers an instantaneous 180° phase shift. However, the signal has zero
amplitude and so that makes it an event that is difficult to observe.
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1st Order Lowpass and Highpass

2nd Order Lowpass and Highpass
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Another simulation shows a fourth order Butterworth low pass
and high pass filter. The filter slopes are 24dB/octave or
80dB/decade. The phase excursions are 360° in magnitude. When
the two steady state phase responses are plotted on the same
graph they are coincident. Actually, they are always 360° apart,
but this type of graph wraps the phase data and so they appear
to be coincident.
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Above, is a range of low pass Butterworth filter responses, drawn above the S plane. These are all pole
devices, with filter orders from 4 to 9. The Butterworth design is maximally flat in the frequency domain.
However, their response to a step function will produce an overshoot. The poles are evenly spread on a
semicircle whose origin is the axis crossing of the S plane. The 3D plots are vertically sliced along the jw

(imaginary) axis to reveal amplitude response.
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Appendix B

Reactance and Impedance in simple electrical circuits

The Reactance of physical object is a description of how it resists the flow of current when driven with a
sinusoidal voltage. As the frequency varies, the magnitude of the Reactance varies. For electronic
components there are three types of Reactance. These are referred to as X, Xc, and Xg, which are
respectively the reactance of pure inductive, capacitive and resistive devices. Reactance is expressed in the
units of resistance, the Ohm. Inductors have the property of storing magnetic energy by way of moving
electrons (current). Capacitors store electric energy in the form of a static collection of electrons (charge).
Resistors store absolutely nothing. They waste electrical energy by turning it into heat.

Definition of the Reactance of pure inductance, capacitance and resistance

X, =2xfL ,where fis the frequency in Hz and L is inductance in Henrys
X. =1/(2x fC) ,where C is the capacitance in Farads

Xz =R ,where R is resistance in Ohms

The inductor has a Reactance that is proportional to frequency. Double the frequency and the
Reactance will double in magnitude. Graphically, this is slope that rises in magnitude by +6dBs
for every octave increase in frequency (see plot below).

The capacitor has a Reactance that is inversely proportional to frequency. Graphically, this is
slope that falls in magnitude by -6dBs for every octave increase in frequency.

The resistor is not frequency dependant. Its Reactance has a constant value.

The Reactance of two inductors and two capacitors plotted as a function of frequency
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Reactance is used to describe pure inductance and capacitance. A mixture of LCR components is said to
have a Complex Impedance. Real components contain all three types of Reactance in the form of stray
capacitance, stray inductance and series/parallel resistance, all of which compromises their functionality.

In fact, many components can self resonate, inductors and capacitors being common examples.
Manufacturers often provide a SRF value (self resonant frequency) for inductors. At this frequency the
inductor and its stray capacitance form an LCR resonator. Above this frequency the device behaves more like
a capacitor. Conversely, the leads on a capacitor are inductive. These form series LCR resonators that makes
the device behave as an inductor past the resonance frequency. Impedance plots from component
manufacturers are often to use to illustrate this behaviour.

Wires and printed circuit board tracks introduce stray inductance and capacitance to electronic networks.
One inch of wire can have an inductance of about 20nH (ru/e of thumb). This has a Reactance of 1.25 ohms
at 10MHz. If a peak to peak sinusoidal current of 2Amps is flowing through this wire, then there is a 2.5Vpp
voltage drop across the one inch of wire. This voltage is produced by the Reactance of the wire. My personal
record was 22Vpp sustained across a lead from a BNC connector to ground in a prototype RF power
amplifier.

A 1X scope probe has an input resistance of 1Mohm and an input capacitance of about 100pF. Past 1.59kHz,
the probe Impedance is dominated by the capacitor. At 1MHz, the 1Mohm scope probe has an Impedance of
1591 ohms, and at 10MHz, it is 159 ohms. Often a circuit will change its operation when a scope probe is
connected. Why could that be? A FET scope probe with a 1pF//1MR input capacitance will reduce this
problem. The down side is that a FET probe can cost as much as the scope. Another scope probe
Impedance phenomena is the earth clip. This forms a nice loop inductor, which can resonate with the probe
capacitance. This self resonance limits the bandwidth of the probe. This effect can be seen by probing a high
speed logic signal and then curling the earth lead around the probe body. The signal seen on the scope has
resonant edges that can be changed by modifying the earth clip geometry. The inductance can be minimized
by using a probe with a tip and pointed earth ring. For this to work, the part of the circuit being probed
needs a local earth pad. This is almost impossible to arrange. Most circuits are constructed from very small
surface mount components. A 0.4mm IC pin pitch is not uncommon! The problem with probing these boards
is one of physical size, quite apart from the probe impedance. Scope probes have not reduced much in size
in the last 40 years and now are often as big as the board being tested!

Scope probe impedance

A selection of scope probes and other opencrcut___ Ax Ax10  Bx1_ Bx10__ Gx100__ tMcomxihin 1M comxthick BNGAmm opencicu

connectors was tested (right). The

highest impedance probe was a X100
device (green). The worst probe was
the ‘B x 1’ (orange), which was 584
Ohms at 4MHz. This graph shows how

much loading a scope probe will
present to a circuit, even at relatively
low frequencies. Two coaxial BNC to
BNC leads were also tested (blue &
mauve). They presented the biggest
loading.

-Ohms

Y
The BNC to 4mm adaptor (grey) was
a surprise. It has an impedance of
34K at 1MHz, which is equivalent to a
4.5pF capacitor. Even this small

capacitance shows up on the graph. ‘ \\
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Appendix C

The scripting language

Test scripts are ASCII text files that contain instructions to control the instrument to perform a test or set of
tests. This enables the user to run a collection of tests and leave the program to it, rather than having to
control the program manually. This is most useful if you wish to perform production testing or quality control
tests on a large quantity of devices. The test script can be written using any non-document text editor (such
as notepad.exe) and are downloaded to the instrument where it resides in non-volatile memory. This allows
an instrument to be configured to test a particular device.

The instrument can also control an external multiplexer to switch between different parts or channels of a
device that require testing. The test script language (known as CypherScript) allows full control of the
instrument as well as the ability to save the graphs and export the data in any of the supported formats. A
test script can be passed to CypherGraph via the command line, or re-run the test script in non-volatile
memory (with —rerun), allowing test automation of the instrument and the CypherGraph software. For
example below is a small example of a test script. A “#"” or hash character at the start of a line defines a
comment. For reading ease the comment are in green, the commands in blue and the data is in black text.

# Load a new amplitude document and name it "My Graph"

newampf My Graph

# Set the number of points

points 500

# Start the test from 1K to 100KHz

amptest 1000 100000

# Label the line

legend My Device

# Wait for the test to complete

wait

# Set the export format not to append time, date and serial number

# and use a precision of 3 decimal places

exportformat 1 0 0 0 3

# Export the data in plain ASCII text

exporttxt PenlTextFileName

# Save the graph to the hard disk in the plot files folder with time, date and serial no.

exportformat 0

savegraph My Graph

# print the graph (0 = portrait 1 = landscape)

printgraph 0

# close the graph

close

# End of file

If the hash character is omitted the first word will be parsed as a command and it is likely that an error will
occur as most will either be invalid commands or pass invalid data. The first command ‘newampf’ will open a
new amplitude verses frequency graph and title it ‘My Graph’. The second command, ‘points’ sets the
number of test points to 500. The third command is ‘amptest’ this command starts the test from 1K to
100KHz. The next command is ‘legend’; this command sets the pen legend text to “My Device"”. The
command ‘wait’ halts script processing until the test has completed. Otherwise the test script will execute
the command before the test has finished. The ‘exportformat’ command defines the text format with which
to output the data, and the exporttxt command writes the file to the hard disk in the export folder. The next
command is ‘savegraph’ this command saves and closes the graph. The text following the command is the
name given to the file when it is saved. The name given to the saved file also contains the date and time of
the save, this is because the ‘exportformat 0' command specifies this behaviour. The ‘printgraph’ command
then prints the graph to the default printer in portrait orientation. Finally the ‘close’” command closes the
document.

Scripts commands are executed one after another in the order they appear in the text file. There are no
facilities to loop or jump. Strings and file names can be of a maximum of 62 characters in length. Script files
can be a maximum of 25K bytes (25600 characters). Windows file name character restrictions do not allow
the following characters; /,\,:,*,”,<,> and |. If any of these characters appear in a file name they will be
removed. If a file name or title is omitted the user will be prompted to enter one.
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Script commands

There are a total of 35 commands used to control the instrument, which are outlined Figure 1. Each
command has none, one or more parameters and a return character to signify the end of the command.

Command Description

abort Aborts the test script

amptestt Starts an amplitude test

atten Sets the output attenuator in 2.5dB steps
lose Closes the current open document

Eheckmask Checks the specified pen’s data set against the masks for a GO or NO GO result
ndfreg Specifies the end frequency of the sweep in Hz

Exports a bitmap image file of the graph to the Exports folder
Exports a JPEG image file of the graph to the Exports folder
Exports an ASCII text file of one pen’s data

xportformat Specifies the export file format for ASCII text and file naming
exportwmf Exports a Windows meta file image of the graph to the Exports folder
idlefreg Specifies the oscillator frequency when not testing
imptest Starts an impedance test
legend Adds text to a pen legend
linear Specifies linear or logarithmic test points
loadgraph Loads a graph from the Plots folder
message Launches a dialog box with text to inform the operator
newampf Opens a new amplitude Vs Frequency graph
newimpf Opens a new modulus of impedance Vs Frequency graph
eriod Specifies the time period in milliseconds between test points

Enables / disables phase data acquisition

Specifies the number of test points to take

rintgraph Prints the graph

rompt Launches a dialog and waits for the user to click OK

romptabort Launches a dialog and aborts script processing if the Yes button is clicked
rompnottabort Launches a dialog and aborts script processing if the No button is clicked
Quits the CypherGraph application

avegraph Saves the graph

Sets the pen number to use

Sets the output control pins

Halts script processing for a specified number of milliseconds

tartfreg Specifies the start frequency of the sweep in Hz

weepmode Specifies the direction of sweep

Adds text to a graph'’s title

Halts script processing until the test has completed

Figure 1 Table of test script commands

The alphabetical list of commands below includes a description of each one with an example. All
commands must be in lower case letters.
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A

abort
abort<CR>

This command aborts further processing of a script.

Example:

# Save the graph

savegraph X303

# export a wmf

exportwmf X303

# print the graph (0 = portrait 1 = landscape)

printgraph 0

# for now leave the file open for examination

abort

# close the graph - because the abort command is executed before the close
# script processing is stopped before the document is closed
close

amptest
amptest startFrequency endFrequency numTestPoints<CR>

startFrequency — Optional parameter to specify the starting frequency (A) in Hz
endFrequency — Optional parameter to specify the ending frequency (B) in Hz
numTestPoints — Optional parameter to specify the number of test points to use

This is a command to start an amplitude test. Three optional parameters can be passed to the
command these are start frequency (A), end frequency (B) and number of points. The test is then
started. If the command is passed without additional parameters the settings are as previously set or
default if not specified by another command. Before this command is executed a document should be
opened with newampf, newimpf or loadgraph command. It should also be followed by the wait
command to halt further script processing until the test has finished.

Example:

# Load a new amplitude document and name it "My Graph"
newampf My Graph

# Set the number of points

points 500

# Start the test from 1K to 100KHz

amptest 1000 100000

wait

atten

atten attenuationCode<CR>
attenuationCode — Parameter to specify the output attenuation in 2.5dB steps

This command specifies the oscillator output attenuation according to the table in Figure 2.

Attenuation Code Oscillator output attenuation in dB

0
2.5
5
7.5
10
12.5
15
17.5
20

IV JWIN|[—]|O

Figure 2 Oscillator output attenuation codes
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Example:

# Load a new amplitude document and name it "My Graph"
newampf My Graph
atten 0

linear 0
sweepmode 0
imptest 1000 3000
legend 0dB

wait

atten 1

imptest

legend -2.5dB
wait

C

close
close<CR>

A command to close an open document. It isn't necessary to pass any parameters with the command.
It is recommended that only one document is open at any one time. This will avoid confusion over
which is the active document in CypherGraph’s Multi-Document user interface. Therefore when the
data has been acquired and saved or exported to the hard disk then the document should be closed
before a new one is opened.

Example:

newampf Amplitude

prompt A new amplitude document
close

newimpf Impedance

prompt A new impedance document
close

checkmask
checkmask penlndex passNotification failNotification abortScriptOption<CR>

penlndex — The index of the pen (0 to 9) to compare against the mask
passNotification — Launch a dialog box to notify of pass when set to 1. No notification when set to 0.
failNotification — Launch a dialog box to notify of failure when set to 1, No notification when set to 0.

abortScriptOption — Option to abort script processing when set to 1 on failure, 2 for pass and no abort
when set to 0

When data has been acquired into a graph with limit masks drawn, CypherGraph can compare the
data against the masks to produce a “"PASS” or “FAIL" result. The check mask command allows this to
be automated. The pen index, pass notification, fail notification and abort script processing
parameters define the actions of the command.

Example:

# Check the data (pen 3 - index 2) against the mask
# Do not inform on pass, inform on fail, abort test script on fail
checkmask 2 0 1 1
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endfreq
endfreq endFrequency<CR>

endFrequency — Parameter to specify the end frequency (B) in Hz

Example:

endfreq 4000000
startfreq 10

exportbmp
exportbmp bmpFileName<CR>

bmpFileName — Optional file name of the bitmap file without the file extension (.bmp)

This command exports a bitmap image of the graph to the export folder using the file name specified.
If the file name is omitted then the user is prompted to enter one. If no file name is entered then the
file is not saved. File paths are not allowed, only the file name. Windows file name character
restrictions apply.

exportjpg
exportjpg jpgFileName<CR>
jpgFileName — Optional file name of the JPEG file without the file extension (.jpg)

This command exports a JPEG image of the graph to the export folder using the file name specified. If
the file name is omitted then the user is prompted to enter one. If no file name is entered then the
file is not saved. File paths are not allowed, only the file name. Windows file name character
restrictions apply.

Example:

exportformat 1
exportbmp BmpFileName
message Done!

# eof

exporttxt
exporttxt txtFileName<CR>

txtFileName — Optional file name of the text file without the file extension (.txt)

This command exports one pen’s data as ASCII text to the export folder using the file name specified.
If the file name is omitted then the user is prompted to enter one. If no file name is entered then the
file is not saved. File paths are not allowed, only the file name. Windows file name character
restrictions apply. The pen to export should be specified by the exportformat command.

Example:

exportformat 1 0 0 0 3
exporttxt PenlTextFileName
exportformat 1 1 1 0 3
exporttxt Pen2TextFileName
exportformat 1 2 1 1 3
exporttxt Pen3TextFileName
exportformat 1 3 0 0 3
exporttxt Pend4TextFileName
exportformat 1 4 0 0 3
exporttxt Pen5TextFileName
exportformat 1 5 0 0 3
exporttxt Pen6TextFileName
exportformat 1 6 0 0 3
exporttxt Pen7TextFileName
exportformat 1 7 0 0 3
exporttxt Pen8TextFileName
exportformat 1 8 0 0 3
exporttxt Pen9TextFileName
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exportformat 1 9 0 0 3
exporttxt PenlOTextFileName
message Done!

exportformat
exportformat filePreference penNumberIndex phaseType dataType decimalPrecision<CR>

filePreference — Parameter to control the addition of date, time and instrument serial number to the
file name. When set to 0 no text will be appended and will overwrite a previous file without
prompting. When set to 1 the date, time and instrument serial number are appended. This parameter
alters all export file name preferences and the savegraph command too.

penNumberIndex — Parameter to specify the zero based pen index (0..9) for pens 1 to 10 to export in
ASCII text format.

phaseType — Parameter to specify the phase export ASCII data, 0 for 360 degrees and 1 for 180
degrees.

dataType — Parameter to specify the amplitude / impedance export ASCII data, 0 for gain /
impedance and 1 for loss / admittance.

decimalPrecision — Parameter to specify the decimal precision of the ASCII text data.0 to 9
representing the number of decimal places required.

This command specifies the output file-naming format for all files exported via a script command. It
also specifies the pen number, phase data, amplitude / impedance data types and the decimal
precision of the data for text exported via a script command. The file preference parameter gives the
user the ability to either generate an individual file hame for each export or to overwrite an existing
file. This is useful if the CypherGraph application is used to acquire data for automated testing. The
data acquired can be exported to a text file where it can be further processed by another application.

Example:

exportformat 1 0 0 0 3
exporttxt PenlTextFileName
exportformat 1 1 1 0 3
exporttxt Pen2TextFileName
exportformat 1 2 1 1 3
exporttxt Pen3TextFileName
exportformat 1 3 0 0 3
exporttxt PendTextFileName
exportformat 1 4 0 0 3
exporttxt PenbTextFileName
exportformat 1 5 0 0 3
exporttxt Pen6TextFileName
exportformat 1 6 0 0 3
exporttxt Pen7TextFileName
exportformat 1 7 0 0 3
exporttxt Pen8TextFileName
exportformat 1 8 0 0 3
exporttxt Pen9TextFileName
exportformat 1 9 0 0 3
exporttxt PenlOTextFileName
message Done!

exportwmf
exportwmf wmfFileName<CR>

wmfFileName — Optional file name of the Windows meta file without the file extension (.wmf)

This command exports a Windows meta file image of the graph to the export folder using the file
name specified. If the file name is omitted then the user is prompted to enter one. If no file name is
entered then the file is not saved. File paths are not allowed, only the file name. Windows file name
character restrictions apply.

Example:

exportformat 1
exportwmnf WmfFileName
message Done!
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I

idlefreq
idlefreq idleFrequency<CR>

idleFrequency — Parameter to specify the oscillator output frequency in Hz

Command to set the oscillator idle output frequency. If the function is passed a zero then the
oscillator output is switched off when not testing and a value of -1 should be passed for start
frequency.

Example:

idlefreqg 0

prompt Check that there is no output sine wave
sweepmode 0

startfreg 1000

idlefreq -1

prompt Check that the output frequency is 1KHz
idlefreqg 2000

prompt Check that the output frequency is 2KHz

imptest
imptest startFrequency endFrequency numPoints<CR>

startFrequency — Optional parameter to specify the starting frequency (A) in Hz
endFrequency — Optional parameter to specify the ending frequency (B) in Hz
numTestPoints — Optional parameter to specify the number of test points to use

This is a command to start an impedance test. Three optional parameters can be passed to the
command these are start frequency (A), end frequency (B) and number of points. The test is then
started. If the command is passed without additional parameters the settings are as previously set or
default if not specified by another command. Before this command is executed a document should be
opened with newimpf, amptest or loadgraph commands.

Example:

loadgraph CypherScriptImp.gzd
atten O

linear 0

startfreq 1000

endfreq 3000

imptest

legend 0dB

wait

L

legend
legend penLegendText<CR>

penLegendText — Parameter that specifies the current pen legend text
A command to legend a pen.

Example:

newampf My Graph
imptest 1000 3000
legend Pen Legend Text
wait
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linear
linear pointInterval<CR>

pointInterval — Parameter to specify logarithmic or linear frequency point intervals

Command to specify the frequency test points interval spacing. A parameter value of 1 specifies linear
frequency intervals and a value of 0 specifies logarithmic frequency intervals.

Example:

linear 0

amptest

legend Logarithmic test points

wait

linear 1

amptest

legend Linear test points

wait

title Linear / logarithmic test

prompt Linear / logarithmic function test complete

loadgraph
loadgraph graphFileName<CR>

graphFileName — Parameter specifying the file name of a graph to open

This command loads an existing graph residing in the Plots folder of the hard disk. The file
name must be specified including the file extension. Windows file name restrictions apply.
This allows the user to configure the view of a graph prior to running a script, including a
mask and then load the graph during script processing.

loadgraph CypherScriptAmp.gad
atten O

linear 0

startfreq 1000

endfreq 3000

amptest

legend Test 1

wait

M

message
message messageText<CR>

messageText — The text string. This can be a maximum of 62 characters

Command to bring up an information dialog box containing the message text. This command does not
halt script processing.

Example:

message Done!
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newampf
newampf graphTitleText<CR>

graphTitleText — Optional parameter to specify the title text of the graph

This command creates a new amplitude vs. frequency document. The title of the graph can optionally
be specified in the command.

Example:

newampf Amplitude

sleep 100

prompt A new amplitude document
close

newimpf
newampf graphTitleText<CR>
graphTitleText — Optional parameter to specify the title text of the graph

This command creates a new impedance vs. frequency document. The title of the graph can optionally
be specified in the command.

Example:

newimpf Impedance

sleep 100

prompt A new impedance document
close

P

period
period testPeriod<CR>

testPeriod — Parameter to specify the test period time in mS

Command to set the test period time, which is the time between a change in the oscillator’s frequency
and when the amplitude / impedance and phase measurements are made.

phase
phase phaseOption<CR>

phaseOption — Parameter to specify phase data collection on = 1 or off = 0
Command to enable or disable the acquisition of phase data.

Example:
phase 1

points
points numPoints<CR>

numPoints — Parameter to specify the number of test points

Command to set the number of test points to use when not specified in the XREF-amptest or XREF-
imptest commands.
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printgraph
printgraph paperQOrientation<CR>
paperOrientation — Parameter specifies the orientation in which to print the graph

The command prints the graph. The paper orientation parameter specifies portrait when 0 and
landscape when 1.
Example:

printgraph 0

prompt
prompt promptText<CR>

promptText — Text string to appear in the prompt dialog box.

This command launches a dialog box containing the text string. It halts script processing until the user
clicks to OK button. This command is designed to halt script processing until the operator has
acknowledged and responded to the prompt text.

Example:

newimpf Impedance
prompt A new impedance document
close

promptabort
promptabort promptText<CR>

This command launches a dialog box containing the text string. It halts script processing until the user
clicks the “Yes’ or ‘No’ buttons. If the user clicks the ‘Yes’ button, further script processing is aborted.
If the user clicks the ‘No’ button, script processing is resumed.

Example:

# Prompt to quit the application

promptabort Do you wish to continue using CypherGraph?

# If the user clicks ‘Yes’ then the script is aborted and the quit command is not processed
quit

# eof

prompnottabort
promptnotabort promptText<CR>

This command launches a dialog box containing the text string. It halts script processing until the user
clicks the ‘Yes' or ‘No’ buttons. If the user clicks the *No’ button, further script processing is aborted. If
the user clicks the ‘Yes’ button, script processing is resumed.

Example:

# Prompt to quit the application

prompnottabort Do you wish to exit CypherGraph?

# If the user clicks ‘No’ then the script is aborted and the quit command is not processed
quit

# eof
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Q

quit

quit<CR>

This command quits the CypherGraph program. No parameters are required. The user will be
prompted to save any un-saved documents. This is useful if CypherGraph is to be used as a part of an
automated test procedure, where the application is launched, performs some tests, exports the data
and then quits allowing further processing of the data to be performed.

Example:

quit
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S

savegraph
savegraph graphFileName<CR>

graphFileName — Optional text string of the file name to use when saving the graph

This command saves the graph with the file name specified. If no file name is specified in the
command the user is prompted to enter one. If the user does not enter a file name the file is not
saved. File paths are not allowed, only the file name. Windows file hame character restrictions apply.
The file extension should be omitted since this will be added automatically based on the type of graph
being saved.

Example:

# Save the graph
savegraph My Graph

setpen
setpen penlndex<CR>

penIndex — The zero based index of the pen to use (0..9)

Command to select a new pen. The command requires a number from 0 to 9 specifying the pen
number 1 to 10.

Example:

newampf Amplitude tests
points 424

# lazy way of setting the start and end frequency
# saves typing the same numbers at the end of each amptest or imptest
# command. Also means groups of test can be changed easily

startfreq 1000
endfreqg 1000000

atten O
setpin 8
sleep 100
amptest
legend Black
wait

setpin 9
sleep 100
amptest
legend Brown
wait

setpin 10
sleep 100
amptest
legend Red
wait

setpin 11
sleep 100
amptest
legend Orange
wait

# Skip yellow pen
setpen 5

setpin 12
sleep 100
amptest
legend Green
wait
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setpin
setpin pinCode<CR>
pinCode — Parameter to specify the code presented to the output control pins

The instrument has a six bit digital output facility, which can be used to control an external hardware
multiplexer. This enables the user to select different hardware configurations prior to performing a test. The
‘setpin” command controls this digital code. The table in Figure 3 shows the relationship between the
parameter number and the logical state of the output terminals.

The pinCode is a decimal number in the range 0 to 63, that is interpreted as a six bit binary number, D5
(msb) to DO (Isb). This can be calculated from the series:-

pinCode Number = D5+(32) + D4°(16) + D3°(8) + D2:(4) + D1:(2) + DO
where the ‘D’ references can be a 1 or 0.

The table in Figure 3 shows the relation ship between the parameter number and the logical state of
the output terminals.

0 1 0 0 0 0 16
0 1 0 0 0 1 17
1 1 1 1 1 0 62
1 1 1 1 1 1 63

Figure 3 Pin code number to output table

sleep
sleep timeIn_mS<CR>

This command causes script processing to halt for the specified time period in milliseconds. During
portions of script processing the user may wish script processing to pause to let analogue signals
settle. An example of this would be when changing a the pin code which controls a de-multiplexer
driving channel selection relays. Because the relays will mechanically bounce and a DC offset may
have been introduced into the device under test a small pause is required before test can continue.

Example:

sleep 100

startfreq
startfreq startingFrequency<CR>

startingFrequency — Parameter to specify the starting frequency in Hz.
Command to set the test start frequency to use when not specified in the test command.

Example:

startfreq 1000
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sweepmode

title

wait

sweepmode sweepDirection<CR>
sweepDirection — Parameter to specify the sweep direction.

This command controls the direction of sweep. Set the parameter to 0 to sweep from the start
frequency (A) to the end frequency (B). Set the parameter to 1 to reverse the direction (B to A).
Finally a value of 2 will alternate between forward (A to B) and reverse (B to A).

sweepmode 2

T

title graphTitleText<CR>
graphTitleText — Text string of the required title.

Command to set the graph title. If the title text is omitted then the user is prompted to enter one. If
the user fails to enter a title it is unchanged.

W

wait<CR>

Command to halt command processing until the current test has completed. This command should
always follow the amptest or imptest commands.
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Appendix D
Installing CypherGraph

The CypherGraph software requires Windows ‘98SE with Internet Explorer 4 (or higher), ME, 2000, or XP.
The basic installation procedure is the same for all operating systems however the installation of the device
driver for the C60 varies slightly. The device driver is included on the CypherGraph software CD and it is
advised that the CD is in the CD-ROM drive when the C60 is plugged in for the first time.

When the CypherGraph application is opened it will connect to the first instrument that it finds. If
CypherGraph is already opened and the status bar reports that the instrument is disconnected (bottom left
hand corner of the application window) then click the USB icon on the horizontal tool bar. This will open the
Select Instrument dialog box. Choose the device to connect to from the drop down list box. If there are no
instruments listed, make sure that the instrument is connected and click the ‘Refresh’ button. Click ‘OK’ to
connect to the device.

If CypherGraph does not display any devices in the drop down list when the refresh button is pressed and
the C60 is connected, then follow the instructions in the Device driver update section to ensure that the
device driver has been properly installed.
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Installation on Windows 98

CypherGraph Software

1. Quit all open applications.

2. If your computer has auto run enabled, then the software will automatically install. Insert the
CypherGraph Software CD into the CD-ROM drive and the installation will begin. Skip the next
instruction.

3. If your computer has auto run disabled, then insert the CD into the drive and wait for the operating
system to read the disk. Hold the Windows key down and press the R key to open the Run dialog.
Type the drive letter of the CypherGraph software CD followed by “:\setup’. Click the OK button.

Run H
Type the name of a program, folder, document, or Intermet
rezource, ahd Windows will open it for pou.

Open: If:'\Setup j

QK I Cancel | Browse. .. |

4. The dialog box - ‘Welcome to the CyperGraph Setup Wizard’ will appear. Click the *Next>" button.

B CypherGraph Setup _ (O]
' Welcome to the CypherGraph Setup
Wizard
3 Thig wizard will guide you through the installation of
CypherGraph.

It iz recommended that you cloze all ather applications before
starting Setup. Thiz will make it pozzible to update relevant
ayztem files without having to reboot your computer.

Click Mext to continue.

Install

CypherGraph
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5. The ‘License Agreement’ box follows. Read it and if it is satisfactory, click ‘I Agree’.

E CypherGraph Setup _ (O]

License Agreement

Pleaze review the license terms before instaling CypherGraph.

Fress Page Down to gee the rest of the agreement.

SOFTWARE and the accompanying documentation, together with all copies in electonic ;I
or other form, including any copies on backup tapes or other media. This licenze wil
terminate automatically if vou fail to comply with the limitations described above.

2. MISCELLANEOUS.

This Agreement reprezents the complete agreement concerning thiz license between the
parties and supersedes all priar agreements and reprezentations between them. It may be
amended orly by a writing executed by bath parties. If any provision of this Agreement iz
held to be unenforceable for any reason, such provision shall be reformed only to the extent
hecessary to make it enforceable.

If you accept the tarms of the agreement, click | Agree to continue, Yiou must accept the
agreement to install CypherGraph.

Tl uileaft rretall Susten w2 [

< Back I | fygree I Cancel

6. If you already have CypherGraph installed on your PC, then you are prompted to uninstall the
existing version (recommended).

7. [If this is a fresh installation, the ‘Choose Install Location’ box will appear. The usual location for the
software is C:\Program Files\CypherGraph\. Click ‘Install’.

E CypherGraph Setup _ (O]

Choose Install Location
Choosze the folder in which to install CupherGraph.

S etup will install CypherGraph in the following folder. To install in a different folder, click Browse
and select ancther folder. Click Install to start the installation.

Browse. . |

" Destination Folder

Space required: 20 4k4B
Space available: 5.6GE

Tl uileaft rretall Susten w2 [

< Back I Install I Cancel
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8. The installer will now copy all the required files to your PC. If a dialog asks you to reset your PC now
click *No’" and continue with the install.

B CypherGraph Setup [_ (O]

Installing
Flease wait whilz CypherGraph iz being installed.

Creating Registry Keys. ..

|

Il (saft [rstall Systenm w200

% Bach [HEnts [Earce]

9. Once the installer has finished copying the files you can choose to start the CypherGraph application

by clicking finish. If you do not wish to run the application then uncheck the Run CypherGraph check
box and click finish.

B CypherGraph Setup _ (O]

' Completing the CypherGraph Setup
Wizard
3 CypherGraph has been inztalled on pour computer.

Click Finish to cloge this wizard.

Install
CypherGraph

< Bach I Einizh I Cancel

10. The C60 can now be connected to the PC via the USB lead. After a short period the Windows will re-
build the device driver data base and then automatically install the device driver.

11. Remove the CD. Keep the CD is a safe place, for future use by you or your colleagues.
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Device driver update

If the C60 was plugged in before the CypherGraph software was installed then Windows may not have
located the device driver for the instrument. Follow the instructions below to perform a re-install of the
device driver after CypherGraph software has been installed.

1. Insert the CypherGraph Software CD into the CD-ROM drive. If the CypherGraph installer opens then

click *Cancel’ and then ‘Yes’ to quit.

2. Plug in the C60.

3. Open the Device Manager by right clicking on the *my computer’ icon then left clicking properties.
Then select the device manager tab in the System Propertied dialog box. If windows has failed to
find a device driver for the instrument then this will be represented by yellow question mark in the

device manager.

Syztem Properties

-2 COROM

[ Disk drives

@ Dizplay adapters
--% Floppy dizk controllers
-5 Hard disk controllers
F-38 Keyboard

-3 taritors

-7y Mouse

--ﬂﬁ Metwork, adapters

El ?E.—E.her devices

-- Suztem devices

m

HE|
General Device Manager | Hardware F'rofilesl Performancel
% iew devices by tupe  iew devices by connection
"' Device on USE 2.0 Hub

: Ports [COM & LPT)
-8 Sound, video and game controllers
‘-_' I riverzal Serial Buz contrallers LI

Properties | Refrezh | Remove | Print... |

Cloze I [E&rieE] |
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4. Click on the ‘Device’ icon and press the delete key. Click ‘Yes’ to confirm removal of the device.

Disconnect and reconnect the C60. Windows will now install the driver automatically. This may take

a short time as Windows re-builds its device driver data base and copies the driver files.

Syztem Properties

General Device Manager I Hardveare F'n:nfilesl Performancel

&+ View devices by ype

" Wiew devices by connection

The screen shot below shows the device driver has been properly installed.

HE|

-2 COROM

[+-=2 Digk drives

EEI"-@ Dizplay adapters
F-2Y Floppy disk contrallers
424 Hard disk controllers
EEI--@ K.eyboard

G- Maritors

-y Mouse

=B Metwork adapters

[
[
[
E

]g Parts [COM & LPT]
.El..

Properties | Refresh

+- 3 Sustem devices
+-82 Universal Senal Bus controllers
s ST PEAR I T | o TN

Sound, video and game controllers

P | P

| Remaove |

Prirt... |

=

o ]

Cancel |
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Installation on Windows ME

CypherGraph Software

1. Quit all open applications.

2. If your computer has auto run enabled, then the software will automatically install. Insert the
CypherGraph Software CD into the CD-ROM drive and the installation will begin. Skip the next
instruction.

3. If your computer has auto run disabled, then insert the CD into the drive and wait for the operating
system to read the disk. Hold the Windows key down and press the R key to open the Run dialog.
Type the drive letter of the CypherGraph software CD followed by “:\setup’. Click the OK button.

2%

Tvpe the name of a pragram, folder, decument, or Internet
rezource, and Windows will open it far you.

Open: If:'\Setup j

0k I Cancel | Browse... |

4. The dialog box - ‘Welcome to the CyperGraph Setup Wizard’ will appear. Click the *Next>" button.

B CypherGraph Setup =l0lx]
Welcome to the CypherGraph Setup

Wizard
: Thiz wizard will guide you through the installation of

CypherGraph.

It iz recommended that you cloze all ather applications before
starting Setup. Thiz will make it pozzible to update relevant
ayztem files without having to reboot your computer.

Click Mext to continue.

Install

CypherGraph
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5. The ‘License Agreement’ box follows. Read it and if it is satisfactory, click ‘I Agree’.

E CypherGraph Setup ;lglil

License Agreement

Pleaze review the license terms before instaling CypherGraph.

Fress Page Down to see the rest of the agreement.

SOFTWARE and the accompanying documentation, together with all copies in elsctronic =)
or other form, including any copies on backup tapes or other media. This license will
terminate automnatically if you fail to comply with the limitations described above.

2. MISCELLAMEDOUS.

Thiz Agreement reprezents the complete agreement concerning thiz license between the

parties and supersedas all prior agreements and representations between them. It may be

amended only by a wiiting executed by bath parties. |f any provizion of this Agreement iz

held to be unenforceable for any reason, such provision shall be reformed anly ta the

extent necessary to make it enforceable. j
-

If you accept the tarms of the agreement, click | Agree to continue, Yo must accept the
agreement to install CypherGraph.

tulleoft [retall System w210

< Back I | fygree I Cancel

6. If you already have CypherGraph installed on your PC, then you are prompted to uninstall the
existing version (recommended).

7. [If this is a fresh installation, the ‘Choose Install Location’ box will appear. The usual location for the
software is C:\Program Files\CypherGraph\. Click ‘Install’.

E CypherGraph Setup ;lglil

Choose Install Location
Chanse the folder in which to install CypherGraph.

Setup will install CypherGraph in the following folder. To install in a different folder, click Browse
ahd select anather falder. Click Install to start the installation.

Browse. . |

" Destination Folder

Space required: 21.8MB
Space available: 2. 4GE

Hullzaft [retall Systemn w210

< Back I Install I Cancel

C60 & CypherGraph User Manual November 2006 Part # MAN-C60-1.2




Cypher Instruments Ltd Page 103 of 121

8. The installer will now copy all the required files to your PC. If a dialog asks you to reset your PC now
click *No’" and continue with the install.

E CypherGraph Setup ;lglil

Installing
Pleaze wait while CypherGraph iz being installed.

Creating Registry Keys...

|

tulleoft [retall System w210

< Back st > Cance

9. Once the installer has finished copying the files you can choose to start the CypherGraph application
by clicking finish. If you do not wish to run the application then uncheck the Run CypherGraph check
box and click finish.

E CypherGraph Setup ;lglil

Completing the CypherGraph Setup

Wizard
k CypherGraph has been inztalled on pour computer.

Click Finish to cloge this wizard.

Install

CypherGraph

< Back I Finizh I Cancel

10. The C60 can now be connected to the PC via the USB lead. After a short period the Windows will re-
build the device driver data base and then automatically install the device driver.

11. Remove the CD. Keep the CD is a safe place, for future use by you or your colleagues.
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Device driver update

If the C60 was plugged in before the CypherGraph software was installed then Windows may not have
located the device driver for the instrument. Follow the instructions below to perform a manual install of the
device driver after CypherGraph software has been installed.

1. Insert the CypherGraph Software CD into the CD-ROM drive. If the CypherGraph installer opens then
click *Cancel’ and then ‘Yes’ to quit.

2. Plug in the C60.

3. Open the Device Manager by right clicking on the *my computer’ icon then left clicking properties.
Then select the device manager tab in the System Propertied dialog box. If windows has failed to
find a device driver for the instrument then this will be represented by a yellow question mark in the
device manager.

Syztem Properties 2l x|

Gerneral Device Manager | Hardware Profiles | Performance

' Wiew devices by type £ Wiew devices by connection

L1 ¥ CormpLiter
-5 COROM
[+ Disk drives
@ Digplay adapters
--% Floppy dizk controllers
-5 Hard disk controllers
@ K.evboard
- b onitors
; -5y Mouse
-8 Metwark adapters
c@ Other devices
-2y Device on USE 2.0 Hub

- % Ports [COM & LPT)
- Sound, video and game contrallers

- Sustermn devices
&2 Univerzal Serial Bus controllers

=l
| I PR [ R [ o R T | P

Froperties | Refrezh | Remove | Print... |
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4. Click on the ‘Device’ icon and press the delete key. Click ‘Yes' to confirm removal of the device.

5. Disconnect and reconnect the C60. Windows will now install the driver from the CD. The screen shot
below shows the device driver has been properly installed.

System Properties . ed |

General Device Manager | Hardware Prafiles | Performance

' View devices by twpe ™ Wiew devices by connection

E|\> CEOU b

\> CED Impedance-Amplitude-Phaze Analyzer
-5 COROM

[#-=D Disk drives

@ Dizplay adapters
--% Floppy digk controllers
-5 Hard disk controllers
@4 Keyboard

Monitors

Mousze

Hﬁ Metwork, adapters

& ¥ Ports [COM & LPT)
Sound, video and game controllers |-

..
-4 Storage devics
-3 Spstem devices LI

N N ORI o SO N PO TR | PR

Properties | Refrezh | Remove | Prirt... |

[k I Cancel |
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Installation on Windows 2000

CypherGraph Software

1. Quit all open applications.

2. If your computer has auto run enabled, then the software will automatically install. Insert the
CypherGraph Software CD into the CD-ROM drive and the installation will begin. Skip the next
instruction.

3. If your computer has auto run disabled, then insert the CD into the drive and wait for the operating
system to read the disk. Hold the Windows key down and press the R key to open the Run dialog.
Type the drive letter of the CypherGraph software CD followed by “:\setup’. Click the OK button.

2%

Tvpe the name of a pragram, folder, decument, or Internet
rezource, and Windows will open it far you.

Open: If:'\Setup j

0k I Cancel | Browse... |

4. The dialog box - ‘Welcome to the CypherGraph Setup Wizard’ will appear. Click the *Next>" button.

B CypherGraph Setup =l0lx]
Welcome to the CypherGraph Setup

Wizard
: Thiz wizard will guide you through the installation of

CypherGraph.

It iz recommended that you cloze all ather applications before
starting Setup. Thiz will make it pozzible to update relevant
ayztem files without having to reboot your computer.

Click Mext to continue.

Install

CypherGraph

C60 & CypherGraph User Manual November 2006 Part # MAN-C60-1.2




Cypher Instruments Ltd Page 107 of 121

5. The ‘License Agreement’ box follows. Read it and if it is satisfactory, click ‘I Agree’.

E CypherGraph Setup ;lglil

License Agreement

Pleaze review the license terms before instaling CypherGraph.

Fress Page Down to see the rest of the agreement.

SOFTWARE and the accompanying documentation, together with all copies in elsctronic =)
or other form, including any copies on backup tapes or other media. This license will
terminate automnatically if you fail to comply with the limitations described above.

2. MISCELLAMEDOUS.

Thiz Agreement reprezents the complete agreement concerning thiz license between the

parties and supersedas all prior agreements and representations between them. It may be

amended only by a wiiting executed by bath parties. |f any provizion of this Agreement iz

held to be unenforceable for any reason, such provision shall be reformed anly ta the

extent necessary to make it enforceable. j
-

If you accept the tarms of the agreement, click | Agree to continue, Yo must accept the
agreement to install CypherGraph.

tulleoft [retall System w210

< Back I | fygree I Cancel

6. If you already have CypherGraph installed on your PC, then you are prompted to uninstall the
existing version (recommended).

7. [If this is a fresh installation, the ‘Choose Install Location’ box will appear. The usual location for the
software is C:\Program Files\CypherGraph\. Click ‘Install’.

E CypherGraph Setup ;lglil

Choose Install Location
Chanse the folder in which to install CypherGraph.

Setup will install CypherGraph in the following folder. To install in a different folder, click Browse
ahd select anather falder. Click Install to start the installation.

Browse. . |

" Destination Folder

Space required: 21.8MB
Space available: 2. 4GE

Hullzaft [retall Systemn w210

< Back I Install I Cancel
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8. The installer will now copy all the required files to your PC. If a dialog asks you to reset your PC now
click ‘No’ and continue with the install.

B CypherGraph Setup =10 x|

Installing
Flease wait while CypherGraph is being installed.

Creating Registiy Keys...

|

Hullzaft [netall System w210

< Back Hent s Carcel

9. Once the installer has finished copying the files you can choose to start the CypherGraph application
by clicking finish. If you do not wish to run the application then uncheck the Run CypherGraph check
box and click finish.

E CypherGraph Setup ;lglil

Completing the CypherGraph Setup

Wizard
k CypherGraph has been inztalled on pour computer.

Click Finish to cloge this wizard.

Install
CypherGraph

< Back I Finizh I Cancel
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10. The C60 can now be connected to the PC via the USB lead. After a short period the Windows will
open the found new device wizard. Click ‘Next >’ to continue.

Found New Hardware Wizard

Welcome to the Found New
Hardware Wizard

This wizard helps you install a device diver for a
hardware device.

To continue, click MNest.

< Back Cancel

11. Select the ‘Search for a suitable driver for my device (recommended)’ option and click ‘Next >’ to
continue.

Found New Hardware Wizard

Install Hardware Device Drivers T
A device driver iz a software program that enables a hardware device to work, with
an operating system,

Thiz wizard will complete the installation for thiz device:

@ Device on USE 2.0 Hub

A device driver iz a software program that makes a hardware device wark, Windows
needs driver files for your new device. To locate diver files and complete the
installation click Mest.

What do you want the wizard to do?

" Search for a suitable driver for my device [recommendedf

" Dizplay a list of the known drivers for this device so that | can choose a specific
driver

< Back I Mext > I Cancel
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12. Check the ‘CD-ROM drives’ box and click ‘Next >’ to continue.

Found New Hardware Wizard

Locate Driver Files oY
Where do you want windows to search far driver files?

Search for driver files for the follawing hardware device:

@ Device on USE 2.0 Hub

The wizard searches for suitable drivers in itz driver database on pour computer and in
any of the following optional search locations that you specify.

To start the search, click Mest. If pyou are searching on a floppy disk or CO-ROM drive,
inzert the floppy digk or CD before clicking Mext.
Optional search locations:

[~ Floppy disk drives

¥ CD-ROM dii

< Back I Mext > I Cancel

13. The Found New Hardware Wizard should now find the driver on the CypherGraph Software CD. Click
‘Next >’ to install the driver.

Found New Hardware Wizard

Driver Files Search Results T
The wizard has finished zearching for driver files for your hardware device.

The wizard found a driver far the fallowing device:

@ Device on USE 2.0 Hub

Windows found a driver far this device. Ta install the driver Windows found, click Mest.

=4
i

i o) ehcBOushiinf

Cancel

< Back

14. Click ‘Finish” to complete the driver installation

15. Remove the CD. Keep the CD is a safe place, for future use by you or your colleagues
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Device driver update

If the C60 was plugged in before the CypherGraph software was installed then Windows may not have
located the device driver for the instrument. Follow the instructions below to perform a manual install of the

device driver after CypherGraph software has been installed.

1. Insert the CypherGraph Software CD into the CD-ROM drive. If the CypherGraph installer opens then

click *Cancel’ and then ‘Yes’ to quit.

2. Plug in the C60.

3. Open the Device Manager by right clicking on the *my computer’ icon then left clicking properties.
Then select the device manager tab in the System Propertied dialog box. If windows has failed to
find a device driver for the instrument then this will be represented by an exclamation mark in a

yellow in the device manager.

..E..[.;. Device Manager

J fckion  Migew |J = -P|

=24 NTEOX
- Computer
[#-423 Disk drives
S Display adapters

L5 DVDICD-ROM drives
--% Floppy disk controllers
--@ Floppy disk drives

-5y IDE ATAJATART controllers
@ kevboards

- Monitors

- BB Network adaphers

EICQ Ckher devices

~--& Device on USE 2.0 Hub

]ry Paorts (COM & LPT)

£

£

-3 System devices

EEI-- Iniversal Serial Bus controllers
[

+-@2 Universal Serial Bus controllers

Mice and other pointing devices

-3--&@5 Sound, video and game controllers
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4. Click on the ‘C60 Impedance-Amplitude-Phase Analyser’ icon and press the delete key.

5. Disconnect and reconnect the C60. Windows will now install the driver from the CD. The screen shot

below shows the device driver has been properly installed.

..E..[.;; Device Manager

J ackion

Yiew |J = -Pl

=10/ x|
olE .

(-3 Camputer
EI\> Cwpher Instruments

F-=0 Disk. drives

-8 Display adapters

F|- [0} DYDYCD-ROM drives

F-52 Floppy disk contrallers

H-=D Flappy disk drives

F-52 IDE ATA/ATAPL controllers
-4 Kevboards

-5y Mice and other pointing devices
r|- (B Monitors

o-EE Metwork adapters

- S Ports (COM & LPT)

EI--{EJE Sound, videa and qame cantrallers
Syskem devices

= Lniversal Serial Bus controllers
= Lniversal Serial Bus controllers

L (60 Impedance-Amplitude-Phase Analyser
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Installation on Windows XP

CypherGraph Software

1. Quit all open applications.

2. If your computer has auto run enabled, then the software will automatically install. Insert the
CypherGraph Software CD into the CD-ROM drive and the installation will begin. Skip the next
instruction.

3. If your computer has auto run disabled, then insert the CD into the drive and wait for the operating
system to read the disk. Hold the Windows key down and press the R key to open the Run dialog.
Type the drive letter of the CypherGraph software CD followed by “:\setup’. Click the OK button.

= Type the name of a program, Folder, document, or
5 Internet resource, and Windows will open it For vou,

Qpen: | fFilsetup w |

I OF, H Cancel ” Brawse, .. ]

4. The dialog box - ‘Welcome to the CyperGraph Setup Wizard’ will appear. Click the *Next>" button.

B CypherGraph Setup E”E| E|

Welcome to the CypherGraph Setup

' Wizard
i This wizard will guide vou through the installation of

CypherGraph.

It is recommended that vou close all other applications
before starting Setup. This will make it possible to update
relevant syskem files without having to reboat vour
computer,

Click Mext to continue,

Install

C_';,fp herGra p h

| Mext: | [ Cancel
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5. The ‘License Agreement’ box follows. Read it and if it is satisfactory, click ‘I Agree’.

B CypherGraph Setup

License Agreement
Plzaase review the license terms before instaling CypherGraph,

Press Page Down to see the rest of the agreement.

SOFTWARE and the accompanying documentation, together with all copies in electronic 4
or other Form, including any copies on backup tapes or other media. This license wil
terminate automatically if you Fail to comply with the limitations described above.

G, MISCELLAMECIS,

This Agreement represents the complete agreement concerning khis license between the
parties and supersedes all prior agreements and representations between them, It may
be amendad only by a writing executed by both parties, IF any provision of this
Agreement is held to be unenforceable for any reason, such provision shall be reformed
only ko the extent necessary to make it enforceable,

If ywou accept the terms of the agreement, click I Agree ta continue. You must accept the
agreement ta install Cypheraraph,

< Back ” I Agree l [ Cancel

6. If you already have CypherGraph installed on your PC, then you are prompted to uninstall the
existing version (recommended).

7. [If this is a fresh installation, the ‘Choose Install Location’ box will appear. The usual location for the
software is C:\Program Files\CypherGraph\. Click ‘Install’.

® CypherGraph Setup

Choose Install Location
Choose the folder in which to install CvpherGraph.

Setup will install Cypheriaraph in the Following Folder, Toinstall in a different folder, click
Browse and select another Folder, Click Install ko start the installation.

Destination Folder

gram FilesiCy | Browse...

Space required: 16,6MB
Space available: 55.0G8

< Back. ” Install l [ Cancel
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8. The installer will now copy all the required files to your PC. If a dialog asks you to reset your PC now
click ‘No’ and continue with the install.

® CypherGraph Setup

Installing
Please wait while CypherGraph is being installed.

Reeqistering: C:YProgram FilesiCypheraraphl ScriptProc, ocx

(A

E Show details |

9. Once the installer has finished copying the files you can choose to start the CypherGraph application
by clicking finish. If you do not wish to run the application then uncheck the Run CypherGraph check

box and click finish.

& CypherGraph Setup EHE@

Completing the CypherGraph Setup

Wizard
CypherGraph has been installed on vour computer,

Click Finish to close this wizard,

Finish l [ Cancel

10. There is no other action needed, other than to remove the CD. Keep the CD is a safe place, for
future use by you or your colleagues.
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11. The C60 can now be connected to the PC via the USB lead. After a short period the Found New
Hardware Wizard dialog will appear. Check the radio dial labelled ‘No, not this time'. Click the ‘Next
>’ button.

Found New Hardware Wizard

Welcome to the Found New
Hardware Wizard
‘whindows will zearch for curent and updated software by

loakitg on pour computer, on the hardware installation CO, or an
the windows Update 'web site [with your permission).

Read our privacy policy

Can windows connect to \Windows Update to search for
software?

(O Wes, this time anly
() es, now and gvery time | connect a device

Click Mext to continue.

[ Hent » l[ Cancel

12. Check the radio dial labelled ‘Install the software automatically (Recommended)’ and click ‘Next >’.

Found New Hardware Wizard

Thiz wizard helps you inztall software for:

CE0 Impedance-tmplitude-Phase Analyser

Z:-) If your hardware came with an installation CD
L& or floppy disk. insert it now.

‘wihat do you want the wizard to do?

(® install the zoftware automatically [Recammended]

(D Install from a list or specific lacation [Advanced]

Click Mest to continue.

< Back ” Mest > l[ Cancel
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13. Click ‘Finish’ to complete the driver installation.

Found New Hardware Wizard

Completing the Found New
Hardware Wizard
The wizard has finished instaling the software far

\> CE0 Impedance-Amplitude-Phase Analpser

Click Finish to cloge the wizard,
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Device driver update

If the C60 was plugged in before the CypherGraph software was installed then Windows may not have
located the device driver for the instrument. Follow the instructions below to perform a manual install of the
device driver after CypherGraph software has been installed.

1. Insert the CypherGraph Software CD into the CD-ROM drive. If the CypherGraph installer opens then
click *Cancel’ and then ‘Yes’ to quit.

2. Plug in the C60.

3. Open the Device Manager by right clicking on the *my computer’ icon then left clicking properties.
Then select the hardware tab in the System Propertied dialog box and click the Device Manager
button. If windows has failed to find a device driver for the instrument then this will be represented
by a yellow question mark in the device manager next to the C60 Impedance-Amplitude-Phase
Analyser device. Right click on the icon and left click ‘Update Driver’.

£, Device Manager

File  Action VYiew Help

& B = R
=) HisH

+- i Computer
+]-agm Disk drives
¥ @

H

1]

I

Display adapters

ity DVDCD-ROM drives
+ 5= Floppy disk controllers
+-i=) IDE ATASATAPT controllers
+-&g [EEE 1394 Bus host controllers
+-e Kevboards
+- 1"y Mice and other pointing devices
+- % Monitors
+- B8 Mebwork adapters
- @ Other devices

@ 260 Impedance-Amgl
¥ Ports (COM & LPT)
+- 38 Processors Disable
=l RRAM Disk Uninskall

¥l Ramndisk [ Q5oft ]
€& 5C51 and RAID controll
@), sound, video and game Properties

¢ Swstem devices
Universal Serial Bus controllers

Scan for hardware changes

+-- [

Launches the Hardware Upc
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4. The Wizard dialog will appear. Check the radio dial labelled ‘No, not this time'. Click ‘Next >’ to
continue.

Hardware Update Wizard

Welcome to the Hardware Update
Wizard

Windows will search for curent and updated software by
looking on your computer, on the hardware inzstallation CO, or on
the Windows Update ‘Web site [with pour permission).

Bead our privacy policy

Can windows connect to 'wWindows Update to gearch for
sofbware?

(D e, this time anly
() es, now and gvery time | connect a device

Click Mext to continue.

Mest » l’ Cancel

5. Select the ‘Install from a list or specific location(Advanced) option. Click ‘Next >’ to continue.

Hardware Update Wizard

.I Thiz wizard helps you install software for:

CE0 Impedance-tmplitude-Phase Analyser

Z;-) If your hardware came with an installation CD
L& or floppy disk, insert it now.

What do you want the wizard to da?

() Inztall the software automatically [Fecommended]

(® install from a ligt or specific lacation [Advanced)

Click Mext to continue.

< Back ” Hent » l’ Cancel

C60 & CypherGraph User Manual November 2006 Part # MAN-C60-1.2




Cypher Instruments Ltd Page 120 of 121

6. Check the ‘Search removable medial (floppy, CD-ROM...)" box. Click ‘Next >’ to continue.

Hardware Update Wizard
Please choose your search and installation options. .

(%) Search for the best diver in these locations.

Use the check boxes below to limit or expand the default zearch, which includes local
paths and removable media. The best driver found will be installed.

Search removable media (floppy, CO-ROM..)

[Clinclude this lacation in the search:

(0 Don't zearch. | will choose the driver to inztall

Choosze this option to select the device driver from a list. Windows does not guarantee that
the driver you chooze will be the best match for your hardware.

< Back ” Mest » l[ Cancel

7.  Windows will now copy the driver files from the CD-ROM to the hard disk.

Hardware Update Wizard
Please wait while the wizard installs the software... :§

_\> CEO Impedance-Amplitude-Phase Analyzer

C60 & CypherGraph User Manual November 2006 Part # MAN-C60-1.2




Cypher Instruments Ltd

Page 121 of 121

8. Click ‘Finish’ to complete the driver installation.

Found Mew Hardware Wizard

Completing the Found New
Hardware Wizard
The wizard has finizhed instaling the software for;

_\> CEO Impedance-amplitude-Phase dnalpzer

Click Finish to cloge the wizard.

9. The screen shot below shows the device driver has been properly installed.

L Device Manager,

File  Action ‘iew Help

mES P A =R

=& HusH
+ _.} Compuker
- \> Cypher Instruments
Ce0 Impedance-amplitude-Phase An:
e Disk drives
-é Lisplay adapters
i DMDYCD-ROM drives
(=) Floppy disk controllers
= IDE ATAJATAPT cantrollars
g IEEE 1394 Bus host controllers
2 Keyboards
"y Mice and other pointing devices

é’ Ionitors
HE Mebwork adapters
5 Ports (COM &.LPT)
+ ﬂ Processors
=l RAM Disk
Wl Ramdisk [ QSoft ]
+ @% SC51 and RAID controllers
+- @), Sound, video and game contraollers
+|-%ge Storage volumes

¥ Swskem devices
* Universal Serial Bus controllers

i e e R e e e e R e B e R e e

¢ End of document ¢
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